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FOREWORD 


Wjiile still a medical student I felt strongly that the next 
generation would condemn the practice of herding cases of proved 
pulmonarj' tuberculosis in out-patient departments. There they 
would sit in rows among the other patients, coughing over them, 
ultimately to be rewarded by a bottle of cod liver oil and some 
linctus. But wo did have the opportunity of learning our phj'sical 
signs from these unfortunates. To-day I can aflirm from my 
experience as an examiner at various universities that the weakest 
part of the candidates’ equipment is their recognition and inter- 
pretation of physical signs in the lungs. To some extent this may 
be due to the segregation of tuberculous cases into departments 
where students do not freely enter, but still more to their ten- 
dency to short-circuit tiieir examination by flying to the X-ray 
film, using it as a substitute instead of a confirmation of ordinary 
clinical methods. The teachers, however, are not entirely free 
from blame, particularly in the matter of multipljing labels for 
the various sounds heard through the stethoscope; the degree 
of accuracy thereby implied is largely illusorj', and merely con- 
fuses the student. It is one of the many merits of Wing Com- 
mander Trail’s book that he follou3 the tradition of my own 
tcncheM, Dr. Gee and Dr. Samuel West, by using as few terms as 
possible, and correlating each with its pathological signifienneo. 

This plan is characteristic of the whole work ; anatomy, 
physiology, pathologj’, symptoms, physical signs and X-ray 
findings are closely correlated, enabling the student or i)racti- 
tioner to build up a mental concept of e.tactly what is happening 
inside the chest. Slany will be interested to leam how greatly 
modern X-ray technique has advanced interpretation in skilled 
hands. Even more will be surprised to find what helpful deduc- 
tions from phj'siological j)rinciplc3 thej’ habitually ignore. And all 
will be relieved to find how a grasp of the first principles involved 
will coabJc them to arrive at a correct opinion uitbout imposing 
burdensome details on their memory. 

As a former teacher I know how valuable a contribution this 
book makes to the understanding of vital problems, while the 
freshness of its approach will be patent to all. 


W. L.\XGDOX-BRO\\^\ 



PREFACE TO THE SECOND EDITION 

The Second Edition has been slightl}' enlarged, particularly 
by the addition of illustrative X-rays, set in the text so that they 
are easy of reference. The order of Contents has been changed, 
and notes added on such points as the interpretation of breath 
sounds and the “ normal abnormalities ” of the bonv thorax. 

These alterations are due to tlie helpful criticism of notices in 
the Medical Journals, and in particular to the kindness of many 
readers who ^^^ote personally to the author. Among the Latter 
I ^rish to thank especially Dr. J. D, Grove-Wliite, Dr. R. L. 
Midgley, and Dr. H. Courtney Gage, who sent their detailed 
observations as a general practitioner, a chest phj’sician, and a 
radiologist respectiyely. 

■R. R. TRAIL. 


PREFACE TO THE FIRST EDITION 

Tins book is founded on courses of lectures wliich it has been 
the writer’s good fortune to give to students and post-graduates. 
They owe their present form in great part to attempts made to 
answer the difficulties of those students who showed an interest 
in an approach to examination of the chest founded on a know- 
ledge of applied anatomy, physiology and pathology, without 
which it is naturally useless to attempt a reasonable interpretation 
and correlation of physical and X-ray findings. 

Correlation is not so difficult to acquire as many students 
seem to fear. Much confusion has arisen of late years because 
of the big advances made by chest phj-sician specialists on the 
one hand aud cheat ra^dogy speeiulists ou the other. More 
recently, however, there has been a tendency to combine these 
branches in the “ chest physician cum radiologist,” or the chest 
physician who likes to read his own X-raj*s. This is all to the 
good of the modem student ; it tends to bring us back to fund.i- 
mcntals. We find it increasingly easy to go beyond the objective 
reading of films. We can connect physical signs with definite 
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abnormalities of sliadow, ami combine both with the clianges in 
normal anatomy and physiology’ so ably exi)rcssed nowadays 
by the specialised lung pathologist, who is, wo must remember, 
but the lirst offshoot of that tyjKs of learned physician who laid 
his finn foundations for practice in his earlier post-mortem room 
researches, when X-rays did not exist. 

The first Section of the book is, therefore, devoted to reminders 
on those salient points of normal anatomy and physiology which 
explain the abnormalities of the commoner chest diseases of 
general practice. Like other points of equal importance, they are 
repeated by reference to other sections. 

In the second Section on Applied Pathology we consider the 
main gross and microscopical changes induced by these disea.ses, 
and, in noting the physical signs and the alterations from the 
normal postero-anterior film that accompany them in their 
various stages, an attempt is made to correlate all three nspect.s. 
A certain amount of detailed description is necessary’, but this 
is confined as much as possible to fundamentals, even if by this 
statement we appear to bo begging the question. 

There has been of late y’ears much discussion on tho reading of 
abnormal films, and of necessity' so much individual variation 
in reports, that an attempt has been made in some quarters to 
confine them to objective wording. As already indicated, the 
writer feels that we can go further j that wo should attempt to 
arrive at criteria for interpretation, using tho work of the 
physician, the pathologist and the radiologist as a combined 
Tihole. Wo shall all agree that changes of microscopical detail 
cannot be expected to reflect themselves in stethoscopic signs 
and on the usual postero-anterior film ; we know that a lobule 
on the lung surface is no more than about one-quarter of an inch in 
its longest diameter. Nevertheless, it is felt that a knowletlgc of 
Iiatliogencsis is fundamental for the student who would correlate 
his physical and X-ray’ findings, even if these arc demonstrable 
only’ when comparatively gross areas of lung are involved. Thus 
we know that in phthisis stethoscopic signs are late, but wo can 
find a reason why’ they’ arc late and so why wc should look for 
other and ns important physical signs, such as lack of movement 
and note, that will precede these stethoscopic signs, and so warn 
us of the presence of a specific pathological change. It may be 
argued that the prime correlations hero detailed are built on a 
priori reasoning ; even if this be justifiable criticism it will Ik* 
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admitted that they can gire some elementals that may combine 
the still too-well defined compartments of the pathologist, the 
radiologist and the physician. Eren a mere workable explanation 
woxdd be better than no basis at aU. 

Section HI sums up the physical findings in the diseases 
discussed in Section IT, and gives a scheme of interpretation of 
stethoscopic findings that may act as a basis for diagnosis withont 
X-ray findings. Ko attempt is made to deal with all normal and 
abnormal stethoscopic signs, hot only with such adventitious 
sonnds as can be correlated with underlying pathogenesis. It is 
taken for granted that the student has listened to large numbers 
of normal chests and a sufficient number of abnormals to under- 
stand the principles imderlying the interpretation of breath 
sounds and voice soimds ; e.g., the difference between the pro- 
longed expiration of emphysema and the high pitch, faint or 
loud to the ear, that connotes bronchial breathing. 

It will be seen that all these sections are inter-connectcd. 
They are in essence the parts of an Interesting jig-saw puzzle. 
True they place personal values on the individual pieces used in 
the game, but they are the result of the writer’s conscious attempt 
over several years to increase the value of each piece hy using 
experience to alter its shape so that it fits more easily with its 
fellow. Each new problem in living pathogenesis continues to bo 
instructive, while it whets the appetite for still further problems. 

The ultimate aim of this handlHX)k is to bring added help to 
the student undergraduate and post-graduate, in the assessment 
of the living and changing pathogenesis of his individual patient ; 
only by so doing can we arrive at a reasoned basis for that wider 
problem of individual treatment, which must be the object, and 
is alwaj-s the only true reward, of the happy physician. 

My thanks are due to Sir Walter Langdon-Brown for his kind- 
ness in uTiting a Foreword, to F/Lt. J. A. Kennedy for his 
assistance in reading proofe and in preparing the index, and to 
Mr. J. Kivers of Messrs. J. & A. GhurchiD Ltd. for his valuable 
help in these days of difficulty trith paper and print. 


R. R. TRAH.. 
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CHEST EXAMINATION 


SECTION I. APPLIED ANATOMY 
CHAPTER I 
THE BRONCHIAL TREE 


The trachea lies behind the great vessels, embedded in the 
elastic areolar tissue which ensheathes all the structures lying in 
the mediastinum. It divides at about the level of the fifth dorsal 
vertebra into its two main branches, the right and left bronchi. 
To this point it can be seen on the normal postcro-anterior film 
of the chest us a clear area, bearing slightly to the right of tlie 
mid-line of the thorax. 


The point of division is important in all conditions which cause 
i^splaceraent of the mediastinum, in that it lies not far below the 
third dorsal vertebra, opposite which is the weakest part of the 
mediastinum. On this point the mediastinum swings laterally, 
as on a hinge. Any puU on the lung structures connected with 


one main bronchus is easilj' trans- 
mitted along the lower p.irt of the 
trachea to this weak point. We shall 
see later that the trachea responds 
more than any other mediastinal 
structure to lung changes, and that 
therefore if we find evidence of its 
disturbance we can reason bnckwanls 
to find the cause in such lung changes. 
Fortimately its movement is quickly 
reflected on the stemomastoid muscle 
so that we have an easily demon- 
strablo sign of its displacement. 

The anatomical relations of the 
muscle explain this rcaclicm (see 
Fig. 1). On the anterior surface of 
the trachea lies a baud of tissue 
called the pretracheal fascia, con- 
nected below with the elastic nrcolar 
tissue of tlie mediasf imim, and above 



Fm. 1. The llechflnUm of the 
Sternomastoiil Sipn, 

1. Tba right upper Mio ijnnchu-1. 

2. Thenehtmiddlelobohronchm. 

3. Tljsnpht Jower hfonphuj. 

4. The Jefl upper lobo bronchm. 

5. The left lower lolw Lroncliiu. 

6. The areoUr titiue of the 

mc^liastmiuR. 

7. The prrtraehwil fiMcia. 

S The fawia of llm neck, 

*>. The stemoma<toul mii'v-lo. 


turn rxiMWiTio^ 



THE BEOKCHIAL TREE 


the deep fnscia of the neck. TIjc latter fascia, '\\liith nicety 
from both sides in the middle line, divides as it goes bathwanl. 
to enclose the stenio-mastoid muscle, and is thus in close contact 
•with its tendinous part which has its origin at the anterior 
superior border of the manubrium stemi. We see therefore Iiow 
it is that tracheal displacement is reflected to an increased tension 
of the stemomastoid muscle in this temlinous part, on the same 
side as that to whicl) the mediastinum is pulled or pudicd, bv 
traction on one side or pressure from the other. 

As we proceed with our studies we sisal] find that a pull on 
the trachea is effected b}* all processes which interfere with the 
elastic tissue of the lung. Tliis elastic tissue is continuous through- 
out the hronchial tree, and carried from its smallest division to the 
elastic surround of the air cells ; indeed, mth the finest, ultimate 
arterioles, it forms the actual alveolar wall. 

All branches of the bronchial tree arc also intimately surrounded 
by a binding of connective tissue, which acts as a supi»rting 
structure like a scaffolding. It is xesUient, and rooves in response 
to movements of the bronchi, as they alter in length and diameter 
by inspiration and espiration ; but it is not an integral part of 
the bronchus like the elastic tissue, end so its pathological changes 
have not the same opportunity to reflect themselves on the 
mediastinum. Its change.s appear to act only secondarilj'. Its 
commonest pathological change is in the deposition of fibroblasts, 
which produce peribronchial fibrosis. Increase in depth of tissue 
leads only to ultimate shrinkage and loss of resilience ; what 
seems to happen is that the fibrosis obliterates lobules it was 
meant to support, and causes such a drag on others in it.<5 neigh- 
bourhood that it destroys their clastic tissue after distending them. 

Direct and indirect destruction of elastic tissue occuis quite 
early in adult pulmonary tuberculosis. Sfaterial from diseased 
lobules enters, and then blocks, the supplying terminal bronchiole. 
As air cannot now reach the alveoli, empty ones collap«c, and 
£u1^ ones orgamse, and botb Itise tbtii er^astiw\y. travbea is 
thus pulled to the diseased side, and wo find a sharp inner border 
to the stemomastoid muscle on the same side. 

The effect of the mediastinal hinge on tracheal displacement 
is well shown in disease confined to the upper lobes. It is not 
unusual to fnd that the part above the third dorsal %erfebra 
is dragged into a definite 1k>w by iocali«e<l infracla\ icular tulier- 
culosis. In the same way, a kink in this region I* seen in several 
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Fig. 3. Xortnal poslero-aaterior film. 
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cases of substcrnal thjToid, and in adenoma of one lobe of the 
gland, n Inch pushes the trachea ont of its centinl position. 

Along with other mediastinal structim^, the trachea is displaced 
in the common abnormality of dorsal scoliosis, which is usually 
convex to the riglit. This is really a torsion of the thoracic 
cage, pushing the right lower half forwards and outwarthi, and 
pulling the left lower half inwards and bacWanls, ns viewed 
anteriorly. When we look at the patient from the front we see 
his right lower ribs forced apart to produce bulging, while the 
left lower half appears to be fallen in ; exactly the opjiosito is 
found on looldng at the back ; the right lower zone is flatter, 
and the left lower zone more prominent tJian tJie normal. In 
other words, the volume of the chest cavity n.s a wliolc is not 
reduced. The effect of this torsion on the shadow of the heart 
and of the main vessels w'ill be discussed in the chapters on the 
mediastinum in health and disease, and on the normal i>ostero- 
anterior Sim. 

It is interesting to note that the effect of scoliosis on rib-apaces 
is no longer seen when pulmonary tuberculosis supervenes. 
Compensatory emphysema seems to undo it. 

Por all practical purposes the student can consider the bronclil 
as dividing by dichotomy down 
to their smallest branches : that 
is, each bronchial division divides 
into two smaller branches, and 
this process continiies xmtil we 
reach the bronchioles. We can- 
not follow these divisions on the 
chest film, but we can see tho 
divisions of tho vascular supply 
of the pulmonary nrterj', and 
tliese are so similar, and so closely 
approximated to the bronchia! 
divisions, that they form a prac- 
tical guide. They can bo traced 
on a good postero-nnterior film 
throughoxit three-quarters of the 
lung fields from their orl^ns in 
the hilar regions (Figs 2 and 3). 

There is one point of difference that is imjmrtanl when 
reading abnormal films r blnofl vessel* <-ontin»o below the shadow 
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of the diftplira^ ; 
enlai^ed bv disense. 

^ The diagr^ of the Wood supply sho\rs tlie branches of the 
pulmonary arteries as they appear on a good postero-anterior filtvt , 
The right pulmonary artery makes aT-shaped shadow at the hilum. ‘ 
It gives off three branches to the upper lobe, one to the middle 
lobe, and three to the lower lobe. The left artery gives an elbow- 
shaped shadow at the left hilum, about half an inch higher than 
the right one on a 15 x 12 inch film. It gives five branches to 
the upper lobe, and four to the lower lobe. It will be noted that 
much of the left lower lobe supply is hidden by the heart shadow, 
and that the lower part of the upper lobe is supplied by two 
branches, convex outwards, that come well down toward the 



Fig 4. 


Fro. 5. 


Fio. 6. 




left cardiac border, supplying the thin triangular part of the lobe 
that lies in front of the lower lobe. 

If any of these norma! markings are altered in distribution, or 
have disappeared, we can conclude which part of the bronchial 
tree has been interfered with by disease, and so get a very helpful 
aid to diagnosis. ~ 

Thus on the Kim of ri^'t ’lower 'lo*bc pneumonia we see no 
shadows of the blood supply to the diseased lobe. If we can 
follow the markings of the rest of the blood supply to the lung we 
shall find them quite normal in their distribution {sec Fig. 4). 

If the disease is right pleural effusion we can find the shadows 
of congested blood vessels in the compressed lung, internal to the 
shadow cast by the fluid. There is no obliteration of blood snpjjl 3 ' 
{see Fig. 5). 
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On tlio film of pleural effusion complicating Jouor Jobe pneu- 
monia we shall make out the shadow of the iluid towards the 
peripberj' ; internal to it we see no markings of blood supply iir 
the diseased lobe. The rest of the blood supply is normal in 
distribution (see Fig. 6). 

If we aro dealing with a ease of collapse of the right lower lobe 
, Me shall note tu-o effects on the shadows of the blood supply. 
First, there are no markings in the area of collapse, which is more 
or less opaque, and appears to be continuous with the heart 
shadow. Second, as the lower lobe has collapsed and shrunk, 
the space it has va cat cd is filled by the upper and mid Jobes, n hich 



riQ. 7. Fro- 8. CollApso of 

tho right upper 


enlarge by einpJjyBcma, so that their bJood supply is splayetl out 
as against its normal distribution (see Fig. 7). Fig. 8 shows 
the effects of collapse of the right upper lobe. There is no sign of 
tho blood supply to tho coUBp'Jcd area ; that to tho middle and 
loM'or lobes is spread laterally as against tho normal distribution. 

Now and again we come across subjects in whom the normal 
“ dichotomous ” division of the bronchi has gone wrong. Develop- 
ment has ceased at one i>oint of bifurcation and instead of a 
branch wo have an air-containing space, blown out by air from 
tho bronchus and kept open bj' surrounding lung structures. It 
may he small or lat^o, and is lined by tho normal elements of 
the bronchus. It is known as a “congenital cyst of the bronchus.'’ 
It can be found in fonus which maintain their comicctiou with 
the original bronchus, hut many oro closed off, from the first, or 
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later in life. Some contain a scroos sterile fluid, but ma'^t are 
empty. Tbe walls are thin but well enough defined, and the 
bigger ones may give demonstrable pressure on surrounding 
structures. ^Yllen the connection with the original bronclius is 
maintained through a Talmlar-like flap these evsts mav hare a 
clinicjal significance, but the usual form has no effect on the 
subject. On the film these appear as single or multiple circles, 
sometimes superimposed on each other like heaps of tliin curtain 
rings (Figs. 9 and 10). 

TVe must remind ourselves of certain of 
the principal divisions of the bronchi, because 
they explain to us localised limg pathologj'. 
Each of these divisions supplies a fairly large 
cone-shaped area of lung tissue, the ape.x of 
the area being at the entrance of the branch. 
Tliis is why disease of any one such area, 
which lies laterally in the lung, appears on 
a postero-anterior film of the chest as n 
triangle, and why from the position of such 
a triangle we can deduce the actual bronchial 
division involved in,’c.j., collapse of certain 
lobnles by bronchial occlusion. Four such 
Fia. • !'. Showiaj branches are of particular interest to the 
oiil- student, all in tbe right lung, tliree Iwing 
Urj- brwebes of connected with the upper lobe bronchus, 
loi^. ^'and cj'itic and One with the lower lobe bronchus. 
di-:««so of tbe nglu The right Upper lobe, or cpiarteria] 
bronchus, has three main divisions : the 
apical, the axillary and the pectoral. TIio apical branch goes 
upwards, outwards and a little backwards. It supplies 
that part of the upper zone of the lung wliicli Is we.ak in 
supporting structure, and so is a common site for emphysema 
and for tbe first signs of lobar collapse from bronchial blockage. 
Its air-containing cells soon fall in when they are not kept fully 
supplied by residual air, wliich is their principal method of main- 
taming their position. Tliey may get stretched and l»ecome 
emphysematou-s by their lack of support, and when they rupture 
by such stretching may cau.--e a tearing of the wcernl pleura to 
produce a spontaneous pncuniolliorav. This type of pnenmo- 
tboras Ls known as “ .riinplc,’* to dirtingiiMi it from pneumo- 
thorax of tuberculous origin (see Fig. H). 






Fro. 23. iipiral tuberroJo-js of lueg. 
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TJio apical branch is not often affected by pnotmionfa, but is 
csijccinlly important in that it gives off a dorsal bnmcli supplying 
a sector of the parencliyma commonly affected in adult tuber- 
culosis. When tins occurs we see in the Rupracla%'icular area of 
the lung field sniall rounded deptw its, more or less defined in 
outline and dense in tKo'centrcTltefcrenco will bo inaile later 
to the dilTiculties in interpretation of shadows in this area. In 
the meantime it is sufficient to say that it is a fairly safe rule not 
to read evidence of apical tuberculosis imlc-ss one can see quite 
definite areas of loss of franslucency, or at le ast five rounded 
dots lying under, internal or external to 


the sliadow of the anterior end of the first 

rib, above the collar-bone (see Figs. 12 V) 

and 13). 

The axillary brancli comes off tbe main / 
trunk close to the pectoral branch, towanls / I 

the centre of the upper niid-zono of the / I 

riglit lung field, and is directed outwards / 
to supply the outer area of the lobe below / 

the clavicular zone. When this branch Is ( 

involved in such a disease as pneumofits^ V 

we have therefore on the film a triangular 
area of loss of trnnslucency, which has its ^ 
apo.v at the entrance of the brancli, and its 
base along the axilla (soo Fig. 8, p. 0, anil 
Fig. 52, p, 78). Like the aplc.il branch, puJmonarr ix'im’-ntn 
it gives off a dorsal bronchus important in 


adult tuberculosis. 


Later, in the section on applied pathology, wo shall discuss tho 
differential diagnosis of the film shadows of “ partial ” pneu- 
monia involving the axillary’ bronclms, and of adult pulmonnry 
tuberculosis at the outer base of the right upper lobe. 

The pectoral brancli bcnils a liltlo outwards and then comes 
forward in a semicircular fashion ; tbe arching of the acconqiany- 
ing branch of tho juilnionai^’ artezy’ sometimes shons up promi- 
nently in a completely normal film ns if it were half a cavity wall, 
tho other half being formed by the mediastinal shadow. If tbe 
lung sector of this bronclms is iiivolveil in pneumonia there is a 
triangular loi-s of traiisliu-cncy rather like n mirror image of tho 
axillary sector; this time the base is against tho mcili.istinal slnrlow 
and the aj>cx towards the centre of the upjwr-mid zon e of th e lung. 
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In some cases the shado^r is first noted when the apex of the 
triangle is rounded oS ; this may cause considerable difficulty in 
diagnosis as against tumour or (yst. Serial films usually cUnch 
the diagnosis, by the comparatively rapid changes that occur in 
the “ partial ” pneumonia as the disease resolves (see Tig, 9. 
p. 6, and Tig. 14), 

The principal branch to remember from the right lower lobe 
bronchus is the posterior horizontal. It does e.vactly what its 
name describes. It comes o£F the main stem of the lower lobe 
bronchus posteriorly, practically opposite the origin of the middle 
lobe bronchus, and therefore near the centre of the hilar shadow 
on the film. It goes almost horizontally backwards. If, therefore, 
it is involved in disease, the abnormal shadow 
is close to the hilum. This is why so-called 
central pneumonia, commoner in children than 
in adults, appears to be part of the mediastinum. 
As it hooks backwards over the apex of the lower 
lobe this branch is a common site for blockage. 
Its lung segment Is often involved in adult 
phthisis. Septic material is easily caught in it 
to give the foundation for an abscess, wdulo the 
accompanying lymphatics round its blood supply 
are equally easily occluded by phagocytes 
containing tubercle bacilli. 

Its occlusion Is a common cause of a 
characteristic film of adult tuberculosis. IVlien 
a tuberevdoma has formed in this area, close inspection of t!\c 
postero-anterior film will oflen reveal a fine running downwards 
and outwards from the hilum, and forming the outer boundaiy 
of a triangular loss of translucen<y. The lingula of the lower 
lobe has shrunk downwards and inwards on to the main interlobar 
fissure. There is collapse of the apex of the lower lobe (see 
Tigs. 15 and 16). 

From the foregoing outfine it wifi be seen, that broncho- 
pulmonary segments supplied by divisions of the bronchi that 
go backwards are sites of election for adult tubercle ; we must 
know particularly the dorsal branches of the apical, axillary and 
pectoral divisions of the epiarterial bronchus, and the posterior 
horizontal branch of the right lower lobe bronchus. They nro 
similarly the earliest sites for evidence of blockage of l^Tniilintics 
in diseases of dust inhalation, such as silicosis. The broncho- 
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pulmonary areas supplied by these branches arc, like all such 
areas, conical in shape, but on the postero-anterior film are 
photographed along a Ibie drawn through their narrowest point 
at the entry of the bronchiole. It follows, therefore, that disease 
in them throws a rounded or oval shadow, because the bronchus and 
also, therefore, the segment of lung it supplies, lie antero-posteriorly 
in the chest. An antero^postcrior film (i.e., one with the patient’s 
hack to the screen) will show how the diseased area goes back- 
wards (see Fig. 12, p. 7, and Fig. 17). 

It is important to note that the right middle lobe bronchus 
comes off the right main bronchus at an angle of almost 90 degrees, 
and that its branches go out almost horizontally towards tho 
periphery of the lung. This makes the sectors of parenchyma 
supplied by its bronchioles appear as small triangles with their 
apices inwards and their bases outwards when they are affected 
by disease (see Figs. 57 and 58, p. 80). It also makes them, as 
their main stem, difficnlt to drain and easy of blockngo, and wo 
shall find in tliis the explanation for the comparative frequency 
of complications, in this lobfe, of diseases wlucli in other lobes of 
the lung give no sucli cause for w'otry to the physician. 

We have already noted that all branches of tiie bronchi carry 
throughout tho lung elastic tissue continuous with that of tho 
trachea. By tliis clastic tissue they are able to return to their 
normal position of rest after they hove been elongated and opened 
up in the act of inspiration. It follows, too, that by such distribu- 
tion the elastic tissue is anchored to tho hilum, so that the lung is 
always willing, the itioro it is pulled outwards, to return to this 
point of anchorage. 

Similarly, all branches carry tho tracheal structures of cartilage 
and muscle, and have round them sheaths of connective tisstto, 
supporting them, but moving with them in inspiration. These 
sheaths carry the blood vessels from the bronchial arterj’, and 
arc closefy related to tho accompanying circuiation from tho 
pulmonary artciy\ Through them run also tho I^nnph channels. 
TJmy send out strands wdiich support tho lung parencliyma. We 
shall consider the connective tissue in more detail when dealing 
with the structure and functions of the alveoli. 



CHAPTER II 

THE ALVEOLI: THEIR STRUCTURE AKD FUNCTIONS 

While the bronchi continae to divide they retain their 
component cartilage, musde and elastic fibres into the final 
subdivisions called the terminal bron- 
chioles. There is mneh argument among 
research trorkers on the details of what 
exactly happens thereafter until we reach 
the air cells or alreoli, but what matters 
to the student is that, while all the 
bronchial elements remain up to the 
terminal bronchiole, the cartil age dis- 
a ppears after this sobdivinoD . but strong 
muscle and elastic fibres continue into 
the final <^lindrical channel, the bron - 
chioles respifatorius . This bronchiole 
with its communicating air-cells forms 
that minute section of lung called the 
acinus (see Fig. 18). 

The Acinus 

The acinus is so important in the 
understanding of many diseases of the 
chest, and is the basis of explanation of so many physical and 
X-ray findings, that we must pay some particular attention to 
its details of construction, and its relations both anatomical 
and physiological. 

Its bunches of air cells or alveoli, contain the “residual air*’ 
of the lung, that is, the air that remains after a maximal expiratory 
effort has been made to expel what is called “ supplemental air." 
In other words, this residual air can be expelled only by coUajtFc 
of the cells. It Lsto contact with cubical epithelium, xvhich has 
replaced the columnar eiliateil epithelium of the bronchi, and 
through it is brought into close contact with the finest capillaries 
of the blood supply for gaseous interchange. 

Residual air is at atmospheric pressure, lieing the same as that 
of inspirc<l air, and therefore the same as that continually 
pressing on the outside of the Ihoracir CJge. In other uonls, it ii 
10 
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ouo offset to the attempt of outsido air to push in tho bony 
thorax. Tlio same ultimcto cflcct would be got by any other 
occupjnng material of the alveoli, c.g., pneumonic exudate, ns 
long n.s tho pressure is tlie same. This we shall see is an important 
point in tfie difTcrenlia! diagnosis of chest disen.'^e. 

Tho muscle fibres continno along tlic bronchiolus respiratorius 
and get steadily stronger until wo reach the last passage that can 
be said to be a lumen, where, wo must note, they finish by becom- 
ing circula r only , instead of longitudinal and circular. This 
anatomy explains many fnndamcntals of normal pb 3 'siological 
lung movement and of the changes instifuted bj* disease processes. 
Bj’ the act of inspiration there is a lengthening of tho muscle 
fibres throttghout the whole bronchial tree ns far as tho acinus ; 
thus there i.s stretching and opening up of every air-containing 
lumen. Tlio muscle is “smooth muscle.” and so mamtains 
movements along the bronchi even when the lung is at rest, thus 
keeping up tho flow of air to (ho alveoli, with an action similar 
to that of the bagpipe. 

Destruction of muscle in tho bronchial wall is thcroforo of 
serious consequence to the acini ; their residual air is not main- 
tained and thc 3 ' arc apt to collapse. Muscle spasm in such n 
d[<icase ns asthma has also a serious effect ; tho stead)' spasm 
induced b)' the diso.i«e, even during lung rest, is accenttmfed by 
tlie movements of inspiration, and is communicated to the circular 
fibres, which close in vicc-like fjisliion 
over the entrance to the acinus. TIjo 
patient ha.s therefore increasing distress 
by his didiculty in maintaining suflicient 
residual air. Sucli an addition to his 
already cstablisbcd emphysema explains 
the extreme ewnosis often notetl in the 
“ bronchial asthma ” of the chronic 
bronchitic. This point will be better 
iinderstood when we consider the cflects 
of emphj'scmn. 

Elastic tissue continues all the vray 
to tho alveoli, finishing round each as if 
it were a not-lKig round a tennis ball. Aj- on 
Continuous from the imsiii bronchial a, .A.r m oN.'-tiH. 
division in the imHliastiimm, which mn\' A». 

1>o considortHl ns its point of anchoraire, i*. jiVunl 
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it is iept on constant stretch in every direction througfcont the 
lung fields by the air in the alveoli (see 19, p. II). TVhat 
this comes to is that the residnal air in each alveolus is like a 
small distensible bladder, vrliidi has two physiological efiects. 
First it keeps up tenaon on the elastic tissue, so that the pull on 
the anchorage is constant, and therefore the lung is alwavs 
attempting to retract towards the lulam. Second it 1;^=? a 
marked effect on the strength of the outward pull of the pressure 
in the pleural cavity, which is below that of the atmosphere, 
and is therefore called the sub-atmospheric or “ negative 
intrapleural pressure.” The maintenance of residnal air at a 
definite level is thus a necessity for proper physiological working 
of the lung, both at rest and during the act of inspiration. If it 
is cnt off by blockage of its snpplying channel, or destroyed by 
the breaking down of its alveoli confining walls, we shall find 
definite changes in the position of the lung and the mediastinum. 

A few examples will help tu to undeiidand the ultimate effects 
of certain disease processes, by noting the physiological effect 
of their pathological changes on long el^ticity. 

(a) Destruction of elastic tissue along the bronchial wall occurs 
in bronchiectasis and tuberculosis. As some of the tension is thus 
removed from the point of anchorage of the elastic tissue at the 
main bronchial division in (be mediastinum, the lung medial to 
such a break in continuity tends to contract towards the hilum. 

(&) Destruction of muscle in the bronchial wall is seen in tuber- 
culosis and bronchiectasis ; air is not maintained in those lobules 
dependent for supply on the affected branch, because the bag- 
pipe action of the smooth muscle has been lost, and the end-result 
is the same as in (a). 

(c) Cutting off residual air, which maintains the stretch on 
the elastic surround of the alveoli, happens if anything blocks the 
supplying lumen — pus, blood or a foreign body. This happens in 
adult phthisis. Tuberculous material from diseased alveoli enters, 
and latCT blocks the broneidok supplying tbem. Empty air cells 
then collapse ; those that still contain material organise, and all 
lose their ontward pull on the mediastinum. 

The acini are bound together into lobules by connective tissue 
septa. This connective tissue, which runs tbroughont the lung 
as a sheath aewnipanying the broncliial distribution, acts as the 
supporting structure. It binds bundles of air-cells together into 
lobules, and acts as a barrier wliich tries to confine dkease to 
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tlic'ic small sectors of lung sulxtance. This AmcHon it can 
IKjrform because it is rich in Itiofxl supply, increaso.s 

markedly in response to irritation, thus giving inflammation as 
the evidence of resistance. Continued inflammation, liowevcr, 
brings mncli increase in cells which are later penneated by new 
capillaries from tljo swollen l>Joo<l vessels. Ti)o result is tho 
formation of fibroblastic cells, whicli oblierate the new caj)illarics, 
80 that nature’s attempt at repair of the damage leads to inter- 
stitial fibrosis. Such repair tissue is fraught with danger to tho 
bronchi and tho parenchyma, AVlmt \vn.s formerly a resilient 
supporting structure is now a fibroid and restricting bond, winch 
impedes tho nonnal expansion and elongation of tlio bronchi 
with inspiration. It also interferes with tho blood supply of tfio 
bronchial artery which runs through it. Further, by its ehrinkogo 
it pul/s on tho surrounding lobufcs through their supporting 
septa, with which it is conncclc<l. In its advanced stages, such 
ns are seen in bronchiectasis, this traction can octunlJy oblitcrato 
alveoli by cnislung them. This combined action of constriction 
of tlio bronchi and destruction, and consequent collnpso of near-by 
lobules, is well demonstrated in tho film of early bronchiectasis 
in Fig. 20. Wo can see that the bronchi of tho inner bundle 
of the right lower lobo are crowded together, just outside 
tho lower third of tho right cardiac border, Tlicir outlines arc 
congested and cnlaigcd, so that they are much moro prominent 
than nonnal, and wo knoAv there has been dcstniction of tho 
lobules in their immediate neighbourhood, bccau'Mj w-c find there 
is loss of lung markings in tho outer lower zone of tho lung, where 
compcnsatoiy emphysema has rcsultc<l. 

I,ater wc shall Icnm that inerca-so in connective tissue round 
the bronchi Is one cause of tho increase in the normal strintions 
on tho film, and that it gives charncterfetio dry cri'pitatlotLS when 
wo listen by stethoscope. 

The Supporting Structure of the Lobule 

Tho connecting septa round lobules can bo bo distendctl that it 
breaks down in tho dbeasc of emphysema. This c.an be recognise*! 
on the film, ns a loss of normal markings ; to this i>oint wo shall 
rcluni more fulli' later in our studies on niqdicd pathology. It 
can also ho broken dovm by septic material in its blood vessels 
when this is carriwl to them os emboli from an infected focus ; in 
this way many small scattered abscesses can npjwar throughout 
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the connective tk=;ue over large areas of tlie lungs in the 
ofpya?mia. • 


Lymphatic Supply 

L5Tnphatics are in abundant supply in the connective ti^o 
round the lobules. Tlieir presence explains tbe first stejis in the 
pathogenesis of certain lung diseases. Tlie whole sj-stem in the 
lung is divided into two sets, a superficial and a deep, wliieh 
communicate with each other in the pleura and at the hilura. 
The superficial set lies in the pleura, which we shah consider 
later. The deep set runs with every subdivision of the bronchi, 
the pulmonary artery and the pulmonary veins, and so it follows 
that tbe connective tissue between the lobules has on exceedinglv 
rich IjTuphatic supply. This connective tissue supply is finallv 
linked with lymph spaces that bathe individual acini, and of this 
fact we must make especial note, as it is by this route that tubercle 
bacilli finally enter the lung parenchyma in adult pbthi«is. The 
bacilli circulate and multiply in the lymph spices, from nhich 
they penetrate the waUs of the air-cells. 

AH lymphoid tissue in the bodj is meant to be a protecting 
factor, both at the point of any thsease process where it acts ns 
an absorbent agent, and also in its canal system, whereby actual 
body irritants and their products may be carried to the glands. 
In other words, the glands are the drains ; the lymph channels 
are the gutters. TVe see these lymph channels act os a conveyor 
system in silicosis ; they transport dust-containing cells from the 
alveoli to the lymph spices round the acini, irom there to the 
connective tissue lymphatics, and thence by peri-vascular and 
peri-bronchial channels to the lymph glands. Lyrophoid tissue 
carries out the same function in childJiood tuhercuJo^K draining 
the primary focus to the glands in the hilnm. But in adult 
tuberculosis of the proliferative type we see that it is the hmpli- 
spaces between the alveoli that start the first reaction toward^ 
the production of the acinar lesion ; not only do the hnuph 
spaces fail to i>erfonn their proper function in thus case, but 
they actually break down to berome a culture ground for the 
invading bacilli. All lung lynipboid tissue increases irith age. 
It is tbe breeding ground for that widespreail form of tubercle 
known as senile phthisis. But it seems to do its utmost to 
reassert its protective powers. Tlic jiatient is so little uju-ct 
constitutionally that he may be a dangerous but unsuspcclcil 
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rarrier nf t}ie di'-aase, an*l ia often lrealc<! for uliaf I'C apjtoars to 
be, a ehnmif broncliilie. • 

The Blood Supply 

Tho alveoli are very rich in blood supply, tlie final capillaries of 
the pnlmonar}’ arterj’ being so numerous as to bo a comj)oncnt 
of their valla, ^\hile their connecting and binding septa of connec- 
tive ti<>aiic have an almost equally abundant supply of nutritive 
vessels, derived from the bronchial artery. Tlic distribution of 
these arteries explains many points of difficulty in chest diseases, 
and helps tis to understand many of the markings on normal and 
abnormal skiagrams. 

The function of tho pulmonary artery is oxygenation of the 
blood-stream. It originates from the right ventricle, and under 
tlie arch of the aorta divides into its right and left branches. At 
the hilum tho.right branch jiw in front of the ri ght main_b ronclm»«. 
tho jeft branch ju.st_abovo_ tho_ left main _l)ronchn8. It follows, 
therefore, that the main pulmonary artery and its branches enter 
in great part into tho composition of the hilar shadow on tho 
film. In the lung, each artery follow.s tho bronchi, lying behind 
and slightly late ral to them, in all their “ rlichotomous ” divisions. 
They are the guide, ns wc noted in the last chapter, to tho 
bronchial distribution. Wo must rcmcml>er, hoMCVcr, that while 
close to the hilum the artery and the bronchus are practically 
tho same size, the arterj’ lessciw in size vcr>- fast o.s compared 
with the bronchus, and give.s off many more branches within the 
same dhtnnee ; this is why when looking nt an abnormal film 
we can tell whether the radial !os.se.s of transluccncy wo sec in 
“ streaks ” are blood vessels or bronchi. Within a distance of an 
inch, towards the middle of the lung fields, a bronchus might 1>c 
seen os continuous parallel lines with no branches, while nn artorj’ 
will not so apjKar. Jly the time the pulmonary arterial sub- 
division lias rcaclied an acinus it lia.s only about onc-fiftb of the 
rh’nnictcr of the supplying heonclthh to the aWcolus. 

We must rcmemljcr, how ever, that the arteries c,an be niateriallv 
changcil in size by various disca.ses. Tlitts in congestive failure, 
they may I>e considerably swollen ; they then give incren-sc-d soft 
markings, poncmli«ed throughout the lung fields and lessoning 
towards tlie j>oripherios of the film. Tho opposite cfTect ran be 
noted in comlitions iLs.«ociato<l with extreme anamiia, where their 
thin, llaceid Iu1h?s are indistinguishable from tlie normal strintiona 



16 THE ALVEOLI: STRUCTURE AKD FUKCTJOES 

of connective tissue. These changes ^vill, of course, be nccom- 
panied by relative changes in the shape and size of the cardiac 
sliadon*, and be apparent in both lung fields. 

The function of the |bTonch> al artery ia to bring necess -arv 
nutritioi^to_t^ framevrork of the lung. That for the righTlung 
comes usually from the thoracic aorta, but occasionally from 
the first or third intercostal artery ; the left supply has usually 
two origins from the thoracic aorta. It is important to remember 
this difference of origin of the pulmonary and bronchial supplies ; 
the latter as direct from the main arterial vessel has the higher 
pressure, so a wound or other cause of a break in its wall can prove 
much more rapidly iatal than the involvement of an arteriole 
from the pulmonary artery. 

As soon as the bronchial arteries enter the lung they enter the 
connective tissue layer round the bronchi, two or three sub- 
divisions accompanying each bronchial branching. This is why 
any condition, increasing blood supply has the possibilities of 
marked effects on the bronchial walls : why such conditions of 
long-standing infla mm ation as chronic bronchitis and bronchiec- 
tasis can cause the havoc of fibrosis round the bronchi affected in 
the disease. Here we have the explanation for the film of chronic 
bronchitis. The normal supply from the bronchial artery is xtry 
rich. When tliis supply is swollen by chronic inflammation, and 
brings the consequent deposition of fibroblasts, we get the cvidenco 
on the film in the appearance of parallel lines in the affected 
area, outlining the larger bronchi in the lower zones of the lung 
fields. We can find the same effect in other parts of the lung in 
other diseases— e.ff., in the upper zones in chronic pulmonary 
tuberculosis. 

Such rich blood supply is the reason why quite severe IiJcmor- 
rhage can occur by even small abrasions of the bronchial wall by 
irritant material inspired into the smallest divisions of the bron- 
chial tree ; and why the breaking down of the bronchia! wall 
in bronchiectasis can produce the biggest of all hajmorrhages in 
lung diseases. 
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THE PLEURA AND THE DIAPHRAGM 

The pleura in two layers connecting at the hilum. The first, 
or visceral layer, is closely applied to the lung ; it reflects at the 
hilum to form the second, or parietal layer, which lines the inner 
surfaces of the structures internal to the thoracic cage, and the 
diaphragm. The parietal laj-er is sensitive. Pain and severe 
shock can occur when a ncc<Uc is pushed through it in the induction 
of artificial pneumothorax, and the pul! of adhesions on its inflametl 
surface may well be the reason for the acute stabbing pain with 
each respiration in lobar pneumonia. 

Tlie two layers have between them a iMJtcntinI space. They 
do not adhere in health but move easily on each other by virtue 
of a thin lining of serous fluid, in which the visceral layer can slide 
on the parietal. In the space there is a pressure which Is “ nega* 
tivo,” in that it is below that of the atmosphere ; a needle 
inserted in this space and connccte<l with a water manometer 
shows that the pressure varies on an average iKslwoon -^10 cm . 
of water pressure uith inspiration and — .Q cm . with c.xpimtion. 
It therefore oxerta a constatit oulaTirtl pxdl on the elastic tissue 
of the lung, adding to that of the residual air in the nIveoU ; cacli 
inspiration adds to tiic pud. thus lengthening and opening up the 
bronchi to receive the inhaled air (see Fig. 10, p. II). 

It follows that any pathological alteration of the negative 
intrapleural preasuro lias a marked effect on the elastic tissue of 
the lung. If it bo reduced to the level of atmospheric preasuro by 
air in pneumothorax, or fluid in pleural effusion, the lung must 
tend to recede to the anchorage of its elastic tissue at the hilum, 
retracting to a size less than that of complete expiration. The 
stretch on the clastic tUsuc of the lung is now maintaino<l only 
iiy fi\o rcsiuUat' afveoibr air. Wimng of (t\o pwsonrm nAow 
of the atmosphere, and therefore aboso that of residual air, will 
bring pressure collapse of the nlveoh and consequent still further 
retraction of the lung, for now the ptdl of the alveoli on the 
bronchial clastic tissue is bdng lessened. As s'c sh.all sec later 
when discussing the mwliastinum, these are the ruling factors in 
the displacement of mediastinal structures in pleurisy witli 
effusion. 


cim kstvrttTM'c, 
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THE PLEVBA ASD THE DIAPHRAGM 


In going round tie long aa deserib^, the riswral pleura dip< 
Wtn-een llie lobes, lining the under snirfhee of the one above and 
the upper surface of that below it. One such lining mav appear 
on a normal postero-anterior film of the chest ; it is the lesser 
fissure between the upper and middle lobes 
of the i^ht lung, and it shows as a tliin. 
hair-ljkc line ronning out almtst borizontaBT 
from the liDmn in the third or fourth rib- 
intw^ce. Sometimes it casts a double line 
as the X-rays have cut across it tangentially. 
Its position is eas3y recognised when 
it is forced apart by fluid, or its rich 
lymphatic supply is inflamed or thichened 
in such diseases as pnemnonia, lung ab«<e=s 
and tubercnlosLe. If it is seen on the 
postcro-anterior film, its location and diiec- 
tion should be noted caxcfiilly, as this may 
give an indication of a disease process (hat 
can be clarified only by further film earamin* 
ation—e.y., lateral film. Thus it i« displaced 
upwards and towards the infra-claricular zone in collapse of the 
right upper lobe (see Hg. S, p. 5). 

Other fissures do not show on the norma! po'^tero-anterior film. 



and it may take lateral or 

lordotic films to show their j ( 

involvement in patbolc^cal / /V \ 

Some students find difficulty / I { A 

in the interpretation of abnor- / / | 

mal filirm becanse they forget . / I 

that the interlobar fissures as 
they visualise them are but the 
points ofreflection of the pleura, 
wliieb, in completely covering 
any lobe must nece^arily i 

cover, bv the visceral layer, the *' ..... 

lessening triangular wedge, lobp, Mi «f tbe 
known as the lingula. The 

shadow cast by normal lung being but the superimposed shadows 
ofitsvarvins structures from front to back on the po^tero-anlerior 
film, it 'follows that density of shadow in devdojxd loljar 
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])neumotna varies liy depth of lissue, nnd not hy intensity of 
«lisoa‘'C, i- ecpml in llio IkkIv nnd tho lingula of the 

nficetofl Johe. Wc eniinot ex|»ect the sJiadcm* of right upjjer 
lobo pneumonia to Ijo as dense in its lower limits ns in its 
upper because the lobe thins out consiciembly ns it goes 
downwards ; wo recognise middle lobe pneiiinonin l)ecause it 
iias a dcfLso shadow in the right mid*zonc which lessens steadily 
towards tho base, so that through its lower limits wc can see tho 
right diaplirngm (sec Figs. 21 nnd 22). 

This explains, too, wh}* collapsing lobes cast clmnictcristic 
shadows; why tlio lessor interlobar fissure throws a heavy 
dcnslt 3 ' upwards and outwanls as tho lingula receden on to it in 
right upper lohe collapse {see Fig, 8, p. fi). Likewise wc realise 
that when a right lower lobe eoIlni»so8, tlio lingula has already* 
shrunk downwanls a long wn^* before we see on tlio film the 
upper limit of tho lolic defined h^* n line nmning downwanls and 
outwards towards the costo-phrenie angle from a point at tho 
up;>cr edge of the right auricle on the nglit side of tho eanlinc 
shadow (sco Fig. Ifl, p. 8, and Fig. 72, p. 00). Tho jiosition of 
these fissures in the iatcra! film is discussed in Chapter V. 

With such changes in shape of lolies wc shall learn to correlate 
changes in the normal striatious that appear on tlio film h^* 
shadows of vascular supply and BUp|)orting structure. Thus wc 
have already notc<l that in right upjicr Iol)C eollap-sj we can no 
longer SCO the three normal branchings of tlio pulmonary arterj* 
which supply’ it, wjulo in the rest of the Jung field wc shall find, 
spread out much more horizontal^ than normal, tho blotnl 
vc.escls of the middle nnd lower lobes, which have liccn blown 
out b\' complcmcntaiy cmphj'somn to occupj' tho space vacated 
hj* the shrunk U 2 »pcr Jobe. In this enjph 3 ‘.semntous area wo shall 
at the same time find much incren-sctl trnnsluccncj’ n.s against tho 
normal, because tlio supjwrting stnicturc of the vesicles is 
considemblj' stretched. Wc therefore make our diagnosis by 
noting two opposite processes ; incmascfl dejwil}’ and incrca.sed 
translucenej' ; one w ith loss of l>lo«l supplj', tlio other witli spre.Kl 
of blood supjihv and of supiwrtUig structure. In other wonls, 
where we susiicct a ch.ingc In one tj'pc of lung striation we must 
look for a eorre-spofuling change in the other, nnd if «e fail to 
find one in the presence of another on a postere-antcrior film wc 
must make otlier inve-stigntion^, such n.s the taking of lateral 
films ur the injection of lipiodoj. Tlius in complete coUajiM' of 
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the left lower lohe we may see on the postero-anterior film only 
the gross emphysema of the upper lobe ffliing the hemi-thorar ; 
we may not be seeing the collapsed lobe because it is completely 
hidden by the cardiac shadow ; films taken in the postero-anterior 
and lateral positions before and after the injection of lipMoI will 
aid in the diagnosis - 


The Diaphragm 

The diaphragm is the most important muscle in respiration 
and therefore, next to the heart, the most important muscle for 
the maintenance of life. It consists of a thin, movable partition 
lying between the thorax and the abdominal contents. It is 
convex upwards, its right half being slightly higher than its left 
and taking a position just below the nipple at respiratory rest. 

There is a central, tendinous, very strong 
portion and three fleshy portions which come 
from the ribs, the sternum, and the spine, and 
are therefore named costal, sternal and vertebral. 
Of these we must note especially the costal ; its 
origins are from the inner surfaces of the lower 
six costal cartUagee on each side. Mlien the 
diaphragm is depressed they may be seen on a 
postero-anterior film in their diaphragmatic 
insertions, as depressions between convexities, 
thus forming a series of waves, and such a 
picture, while commoner in emph 3 *sema, does 
not necessarily connote any disease process. 
Fio.23. The cost»\ They ate sometimes wrongly interpreted as 
insertions of the evidence of adhesions or of old pleurisy (see 
*p gm. 23 )^ jf there is reallj" adliesion of the 

diaphragm there will be no clear outline, but a merging of 
lung sbado\rs into the deeper density* of the muscle. 

Tlwse noTtnal alterotiotB in the dome may also be confused 
with the very common finding of a tent-like shadow that sits on 
the diapliragm about its middle third. This is the end-result of 
a pleural reaction in the main fissure (see Fig. 32, p. 34). 

The central tendinous portion may appear as a hump on the 
middle of the diaphragm ; it is without clinical significance, but 
maj' require investigation against the comparatively rare pleural 
growth that can develop at tliis point. 

By the contraction of its fleshy portions, through the action of 
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the phrenic nerve, tlic diaphragm becomes less convex, and so 
increases the vertical diameter of the thorax in inspiration. In 
onlinarj’ breathing this range of movement is about thrco-quarlcrs 
of an inch, and in ever^* examination of tho chest it should bo 
looked for by percussion of the lung bases, posteriorly and in tho 
axillio, since deep inspiration should move the diaphragm dowm- 
wards by ot least a finger's breadth, ns shown by tho higher 
pitch of descending air-containing lung. 

It follows that interference \rith tho phrenic ncr%'o, at any 
point throughout its course over tho cupola and pa.st the hilum to 
the insertion of its fibres, will cjiusc rise of the diaphragm. 
Evidence of this is common no^vada3's in tho films of patients in 
whom the nen’c has been cruslie<l, orevuLsed, ns a treatment for 
pulmonarj’ tuberculosis. Such films demonstrate that tho dia* 
pliragm, ns it moves downwnrtls in inspiration, exerts a distinct 
pull on tho aixfx of tho lung, for when it is immobiIi‘'ed on apical 
tuberculous lesion shrinks, and gels the rest it require^ to aid 
healing. 

Adhesion between its pleural lining and tho visceral pleura of 
tho lobes in contact with It will fit the diaphragm, while emphy* 
seraa will depress and flatten it. Contraction of tho lung b)* loss 
of elasticity will cause it to rl«e, e.p., in collapse of tho right 
middle lobe (see Tig. 03, p. 88). The recognition of such 
changes in its position and movement hy jthyslcal and film 
examination can therefore bo of very distinct help in the diagnosis 
of underi^’ing lung di«icase. 



CHAPTER lY 


LUNG AND MEDIASTINAL MOVEMENT IN 
HEALTH AND DISEASE 

The mediastinum is a space running antero-postcriorly in the 
mid-line of the thorax, between the sternum and the spine. It 
shows on the postero-anterior film as the shadow of parts of its 
contents, so that we can identify the trachea to a point just above 
its bifurcation, the outline of the cardiac shadow, the aortic 
notch, and the structures that make up each hilum. As we have 
already noted, aU these mediastinal structures are embedded in 
areolar tissue, which covets and binds them together, but vet is 
elastic in composition, so that it can move with systole and 
diastole of the heart and the great blood vessels. 

We hare already noted too that it is connected by the layer of 
pretracheal fascia with the investing fascia of the structures in 
the neck, and that thereby its displacement to one or other side 
of its central position is redccted to an increased tension of the 
tendinous portion of the stemomastoid muscle on the same 
side. 

Again, we saw that the mediastinum has a xreak point, on 
which it swings as on a hinge, and that the trachea can move 
laterally both above and below tliis Iiinge ; for example, that it 
can be definitely kinked by disease localised in the parenchyiuft 
below the collar bone. TIio heart is displaced much less readily. 
A much heavier structure, it has its greatest weight in the lower 
mediastinum, so that it is moved laterally only by disease condi- 
tions in the lower half of the thorax or throughout one whole 
side of the thorax. Thus the apex boat is seldom abnormal in 
position in tuberculosis of one upper lobe, but it can be moved 
quite markedly to the opposite side in the presence of n pleural 
effusion and to the same side in post*pneiitnonic fibrosis, this 
being a disease which commonly affects the whole of one lung 
field. 

An important point to note is that the heart will spring round 
its long axis much more readily than it u'ill move laterally. Tliis 
explains the anomalous outline it pHsents in tlie normal uhuor- 
mality of scoliosis, which has its usual concavity to the left, 
in IjTng into this hollow the heart mvings on its long axis, its 
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right border receding nnd Ht left border coming fonvanl, po 
bringing the pulmonarj' conus on the left side into undue promin- 
ence, and uncovering the right hilar region (Fig. 24). On the 
postero-nntcrior film tliero is therefore a filling in of llio normal 
triangle of translucency that has its apc.v between the aortic 
notch and the normal prominence of the conus, giving an outline 
that simulates that of mitral stenosis on the loft side, while tlio 
shadows of the right hilum and of the branches of the pulmonary’ 
artery to the right lower lobe stand out prominently. Such 
abnormalities might ho read as evidence of dlsc.ase if wo did not 
note the accompanying widening of the right lower rib-intcrspaccs 
and the compensating fall-in of the lefi lower rib-intcrspaccs. 
Wo can SCO too why it is, by this tendency to swing on its long 
axis, that the position of tho heart at respiratory’ rest may’ mislead 
us in such a disease as collapse of tho right lower lobe. As it shrinlts, 
from such a cause as bronchial carcinoma, tho lobe goes down- 
wards, Inwartls and bacUwanls, and causes tho heart to swing on 
its long avis so tliat tho right lower Iwrdcr recedes towards tho 
Bpmo, the left lower border comes forward. Later tho whole heart 
goes backwards. If wo have to roly on physical signs for our 
diagnosis w’c ehall often find more help towanis tlio opinion that 
tho mediastinum is nflectcd by noting tho tenso riglit stemo- 
mastoid than by concluding anything from tho position of tho 
apex beat. If wo can watch tho patient on tlic screen, however, 
wo shall see tho heart move laterally nnd bodily to the right, in 
its lower half, with cacli inspiration, nnd come back to its former 
position with expiration. This is because the ititro-plcum! 
pressure becomes more negative at each inspiration, and drags 
the whole mediastinum towards tho periphery. 

A little later wo shall see why tho heart goes hackwanls in 
collapse of tho right or left lower lobe. 

Experience show’s that mobility’ of mediastinal structures varies 
considerably* in different individuals. The pressure in tho pleural 
cavity in two subjects may* bo tho samo as fudged by’ the snmo 
manometer in conditions ns nearly* equal ns we can make them, 
yet the amount of displacement from normal in disease of seemingly 
equal extent may* l)c entirely* different. In one, a small pneumo- 
thorax can cause great bulging of tho anterior me<Hastinum . in 
nnotiicr it will lianlly move this area. This means that the 
mediastinum is never a fixed and invariable entity , wo cannot 
by working backwanis give on infallible estimate of the amount 
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of lung disease by basing it on the amount of mediastinal shift, 
and all we can gay is that some damage has taken plat«. On the 
other band, we must realise that disease of the mediastinum can 
have a definite stiffening effect ; thickening of the mediastinal 
pleura can combat peripheral changes of pressure. Thus we mav 
get much more falling in of ribs and raising of the diaphragm 
than we would expect from the amount of damage evident in the 
parenchyma. 

The mediastinum must always be 
envisaged as one cntit}', not as something 
in two halves, one for each hemi-thorai. 
It is one central elastic structure, both 
maintaining and being maintained by on© 
intra-thoracic pressure. If there is a fall 
of pressure on one side of the thorax, 
there is an immediate, automatic rise on 
the other. Fibrosis on the right implies 
cmphyEema on the left. Now we can 
understand why the heart goes backwards 
in right lower lobe collapBe. The pressure 
in the right lower mediastinum is lessened ; 
it cannot put up normal resistance to the 
pressure in the left lower mediastinum, 
with the result that the left lower lobe 
moves across the front of the heart and 
pushes it backwards. 

We are now in a position to sum up our 
considerations of applied anatomy, to 
discuBS the action, of the various lung 
and intra-pleural forces on the mediastinum in health, and see 
how they react on each other and on this central elastic structure 
in disease. 

In the aceompanvung diagram (Hg. S.*), “D ’’ represents the 
mediastinum. “A” represents atmospheric pressure, which 
acts in three ways ; — 

(1) As Aj, pressing in on the chest wall. 

(2) As Aj, the pressure of residual air in the alveoli ; t»e have 

seen that this is maintained by the bag-pipe action of the 
smooth muscles of the bronchi. Af acts in eveij* direc- 
tion throughout the lung fields, pressing against the 
periphery, the diaphragm and the mediaslhium. We 



Fro 2S. Tb« forcca Acting 
oa the medi^iauBL 
A|. Aa pressore oa chest 
wall. 

Af Air in alveolus. 

At. Air inspired into 
bronchus. 

B. Elastic tiasue. 

C. IntrS'pIeural pressure. 
B. Medi^mum. 
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Jmve Fcen it demonstrate its force ngninsl the 
mediastinum in collapse of the right lower lobe. It also 
prc.'‘scs on surrounding nlecoli, so if it is lost in any area 
the surrounding alveoli immediately distend, giving 
localised emphysema. 

(3) As Aj, the air entering by the main bronchus. 

“ 15 ” represents the elastic tissue of the hing, which nms with 
everj’ bronchial division from the hiliim to the alveoli. Tho more 
o piece of clastic is strctehccl, the more it tries to contract to it.s 
fixed point. As lung clastic tissue is on constant stretch by tho 
action of the residual nir in the alveoli (Aj), it is nlwns's attempting 
to pull the lung inwards to Its anchorage at the hiluni, where it 
i.s continuous uith tho clastic tissue of the trachea. Therefore in 
proportion with the destruction of the clastic tissue tljo lung will 
fthvay.s contract towards tho hilum. 

“ C ” represents the sub-atmosphcrie, “ negative " pressure in 
tho pleural cavity. This exerta a steady outwanl pull on tho 
Jung, and is increased with each inspiration. 

Again wo must remind oursclvca that all these forces aro acting 
in exactly the ojiposUo direction against tho mctliastinum on the 
opix>.sito side. Aj on the right Is pushing to the left ; Aj 
on tho loft is pushing to the right. TIjus tlic central balanocti 
position of tho nie<Uastinnl atnicturcs. 

Let us now consider cxamplca of disease conditions afTecting 
oich of these factors and see how they react on the inctUastinum. 

Aj i« a constant factor in all ordinary conditions of life in 
licalth and disease. 

A| may alter by such conditions ns : — 

(1) bloekago of the bronchus, through carcinoma, or RcjUic or 

c.ascatetl material. 

(2) dcstniclion of the alveoli, ns in tubcreuloeia of adult tyjv. 

'fljcro is therefore loss of residual air. Aj has less resistance 

ofIcre<l to it, so the hombtliomx tends to shrink and the n!is 
tend to fall in. Tlicrc is less rcsistanco to the diaphragm, t<» it 
will rise higher at rest and with complete expiration, niere is 
less rc-sistanco to ncighlwuring olvcoli and so they show emphy- 
sema. There is Ic^ resistance to the m«Uastinmn, so the force 
on the opi) 0 >ite side will push the mediastinum to the *liRc.a*etl 
side. Tjnnlly there In less pull on the eUstic tiNsuc ancliortHl to 
tho trachea through the main bronchus and so the lung will 
retract to tho hilum, and tliis meana that ’* C " is now much Iw 
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opposed and drags the whole lung outwards. Vt'e saw an extreme 
example of this action of “ 0 ” in the detailed discussions of what 
happens in collapse of the right lower lobe. "We noted that tho 
lower half of the mediastinvim, inclniling tho lower half of the 
heart, swings out to the right with each inspiration, and cornea 
back to more central position with each expiration. 

We can represent this in a simple line drawing (see Fig. 25), 
remembering that all processes ate acting equally* in the reverse 
direction in the opposite hemi-thorax. 

A, is destroyed. B therefore shrinks towards D, and C, now 
unopposed, pulls B and D outwards. The mediastinum therefore 
drifts to the side of the atelectasis, the amount depending on how 
much of Aj is destroyed. We see now why it is that we get a 
positive stemomastoid sign with loss of residual air. It is not 
due directly to the collapsed tissue, but to such lung tissue as 
remains unaffected and is dragged over bodily hy the intra- 
pleural pressure. Its drag is communicated to the trachea. 

If wo have followed these arguments we can see why such 
diseases as unilateral tuberculosis or bronchiectasis most displace 
the mediastinum to the side of the lesion. 

We liave here too an erplanation of cavity formation. There 
is marked localised loss of elastic tissue by organisation and 
collapse of lobules, and therefore loss of the pressure of their 
residual air. Immediately surrounding lobules are unopposwl in 
their owm inherent pressure, and blow out to become erapbj'se- 
matoos, and so their weakened walls are dragged in every direction 
towards the periphery, both by those external to them and by the 
intra-pleural pressure. Apart altogether from any extension of 
the actual disease process there is physical force beliind the 
production of increasing cavitation. 

It is possible to follow now why' diseases u hich replace residual 
air by material which keeps the alveolar walls distended cans© no 
displacement of the modiastmum, unless they overfill the vesicles 
and so pull the mediastinum a little towards them. Pneumonia 
fills the alveoli with exudate ; they cannot move, but they' keep 
the elastic tissue of the lung on stretch as full inspiration does. 
Therefore, uncomplicated lobar pneumoma does not give n sterno- 
mastoid sign, nor does an iincomplicatwl abscess of lung, which, 
as ne shall discuss later, is merely a filling of lobules hy inspireil 

septic material. Tuberculosis, on the other Iiand, n ill do so ; it 

destroys the alveoli. Collapse of the lung does ; it takes away 
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ri"'i(Iunl nir. Wo liavc tliercforo here iv very di-'-linct nid tow nnU 
dilTcrcnUal diagnosis. 

Ix't us now consider disoa.se conditions atTccting C, the sub- 
atmospheric, negative, intra-pleuml prcs.surc. If we have a case 
of adhesive pletirisy C disappeara. A* now attempts to fd! the 
K|)acc vacate<l hy C, and drags B, and therefore I), with it ; we 
get a positive stemomastoid sign on the same side as tiic disease. 

If fluid or air enters the pleural space to remove the negative 
pressure and bring it to sumo, A» alone maintains stretch on B : 
the lung retmeta to the hilum and ia not movc<l oiitwnnls by 
inspiration. But the force in the opposite pleural cavity is 
corrc.spondingly greater and bo we have a drag to this opjKisito 
side, on which the stcrnomn-stohl sign will be positive. In <Jther 
svords, it docs not require actual pu.*li from the right, in a right- 
sided pleural cfTu.sion, to produce mcdiaatiiinl displacement to the 
left. 

If the intra-pleuml pressure rises above atmospheric, by 
iiicreaeing nir or thud, it will be greater than Aj. The hitigis now* 
pushed in by pressure collapse. Tlic outwnnl pull of Aj is last 
to B which retmets still more towards I>. Tlius fluid in tho right 
pleural cavity pushes on the mc<lla.siiimm, and at tlie same time 
the ptdl from the left side is still more strengthened and we have 
now* a very marked left 8tcrnoinn.stoid tension. 

3Iuch svill depend now on the condition of B. If there is much 
fibrosis of lung oppo.sing Ibo eln-sticity of B, the lung will not 
rctnict to the mcclia-stinuni, P, but only move fownnls P if it is 
pushed over bodily. Thus a pneumothorav which •.•omphentes 
established pulmonary tubcrciilasis can give much more tlis* 
placement of tho me<lia.stinum than a simple non-tulwrculnus 
pneumothorax which is due to nipture of n India. Tlio lung 
without disease collapses quite readily. 

Ifaie follow this expUnalion of lung and meiliaslinnl movement 
we shall be in n Ifcttcr position to wnderstaiul the phj->ieal and 
X-ray signs of (hose commoner chot di‘^.asc^» who^ pathological 
changes arc considered in Section IV. 



CHAPTER V 
THp NORMAL CHEST FILM 

A Fuii. tmderstanding of -what constitutes a nonnal film of the 
chest is a necessity for the student who hopes to interpret the 
•afenonnal. The following description relates only to the points 
on a postero-anterior and a lateral film which concern, the average 
practising physician. It does not go into all the finer detail 
which concerns the specialist chest physician, the cardiologist or 
the pure radiologist, which detail the student may fod in 
specialised text-books. It tries to set forth only those points 
which the physician can correlate with his physical signs and their 
causative pathology, so that he can go beyond the merely objective 
reading of abnormal lung shadows. 

Some preliminary observations on prime principles must be 
set out. Thus we have already noted that a film is merely a 
composite photograph of superimposed shadows of various 
structures through which the rays pass. With shadou? of disease 
at any one depth we shall therefore see the ehado\rs of normal 
structures in front of op behind them. An early “ adult ” tuber- 
culous focus is completely homogeneous to tomograph e.vnmina- 
tion, and much more defined on an antero-posterior than on a 
postero-anterior film. On this last film it may appear to be 
striated, because, being a posterior lesion, it is shown with much 
normal lung in front of it, and such normal lung will now throw Its 
striations in greater comparative relief against the background 
of the disease focus. In the same way we shall sec varying 
shadou-a of a broncho-pulmonaiy segment in the lung fields. If 
it be supplied by a laterally directed bronchiole this cone of tLssue 
mil appear on the postero-anterior film as a triangle with its 
apex at the point of entry of the bronchiole ; if it be suppb’ed 
by a bronchiole that goes dorsally, it will appear circular or oval 
as photographed along a line between its apex and the centre of 
its circular base (see Fig. 12, p. 7, and Fig. 43, p. GI). 

A good film is the result of good positioning, proper exposure 
as judged by mtiscular development of the subject, and good 
processing. Altliough the result is by no means a stcn?oscopic 
picture, there is no doubt in the mind of the uritcr that viewing 
such a film first at close quarters, and then at a distance of some 
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0 feet, tell the oli'^cn-cr much nf the coTnixe<ition Af nhnorm il 
shadows, if not of their depth in the lung fichN. 

Of late years mc<lical literature has shown much less \-ariatinn 
In the objective and interpretative readings of chest disease, 
because certain criteria of a good postcro-antcrior film have Ijoon 
more or less generally ncccptc<l. 'llje-so are that it may show the 
lesser fissure of the right lung in the thinl or fourth interspace, that 
it should show the superior vena cava with a density slighth less 
than that of the heart, and that it must show the shallows of 
the hranchc.s of the luilmonary arteries radiating from the hila 
throughout some three-quarters of the lung ficliLs. 

It must 1x5 borne in mind that the hilar shadows arc thentselves 
prc<lominanlly vascular. As the pulmonaty arteries and veins 
give the main part of the rather indefinite semi-circular ojvacity 
on each siilc of the canliac shadow, it follow> tliat this ojwcity 
will lic incrensed by all conditions chamcteri-xsl by lij^vncmia. 
Seeing the left one is already den-ser by the prominence 
of the conu.s in the nomtal abnormality of scoliasis. such a oomli* 
lion nfl broncho-pncnmoni.a in a scoliotic subject will prcKlucc 
verj’ heavy left hilar density, IjoUi during the acute stage of the 
disease and for long after clinical recover}*. 

The Normal rostcro-anterior Film 
The first le«.«on the student mu.sl leam is to read every film, 
normal or nhnonnal, on a definite pre-amingcil plin. If this is 
not done consistently even the cxpi-rt ob.'cr\*er m.iy find his eje 
has been anv«te<l by some striking area of density or contnist, or 
by one intervj-ting detail in one area of the lung fields, and that he 
baa inisaesl an nlmornulity of lesser e.xtcnt or contrast that is 
nevertheless of the first importance in diagnosis. For example, 
a filling in of one costo-pbrenir angle is dependent for the inter- 
jiretation of its real significance on the presence or alj-enco of a 
lung focus. Wo have already riotwl how n grave mLst.ake may l>e 
made in the interpretation of the film of a simple scoliosis if we 
do not connect the variations in the heart oulbne and (he right 
hilar shadows with the changes in size of the lower rib inter- 
spaces. 

A simple plan Is to re.-ul rvciy ixMtero-antcrior film under tlie 
following seven lieaclings : — 
fl) The thoracic cage. 

(2) Tlio trachea ; shajw am! jiosition. 
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(3) Tlie lieart ; size, shape and portion. 

(4) Tlie diaphragm ; position and contour. 

(5) The upper zones of the lung fields. 

(6) The middle zoites. 

(7) The lower zones ; comparing the right with the left in 
each case. 


The Thoracic Cage 

The first thing the student of chest films should learn is to 
recognise the shadows of the bony thorax, and those of muscle, 
fascia and skin that can appear on a normal 
film. 

The ribs are seen more clearly or less clearly 
tJian normal in certain pleural and lung 
diseases. Tuberculous pleural effusion dis- 
places the lung shadon-B inn ards ; through the 
even, light loss of transluccncy cast by the 
fluid in the periphery the ribs show up more 
clearly than normal (see Fig. 5, p. 4). They 
are still more prominent in the film of 
pneumotborax. In empbyema and pneumonia 
they are less prominent, ouing to the dense 
shadows tbroun by these diseases. 

Fio. 27. To show The anterior ends of the ribs often cont'mtJO 
how tu^ro^ous into the shadow of calcification of cartilage, 
foci may be hidUen , . , . , , , , 

by nb shadows. Which IS more dense, and less even, so that it 
can simulate (he shadow cast by pulmonary 
disease, especially’ tuberculosis. Usually the condition is seen on. 
more than one rib, although it is commonest in the first rib. 
Fven then it is almost always bilateral, and it is a fairly safe 
aid to remember that lung lesions are rarely similar in position 
and characteristics on both sides of the cliest. 

Fusion and bifurcation of the anterior ends of ribs is common. 
Special films may be necessary to discriminate between their 
shadows and those of underlying lung disease. The commonest 
of all these “ normal abnonnalitics ” is fusion of the anterior 
ends of the first and second ribs (see Figs. 20 and 20). 

Points of intersection and overlap of rib-sliadou-s can cause 
considerable difficulty (see Fig. 27). TJiis is especially so at 
the apices, where the shadows of the clavicle, of the stcriio- 
mastoid muscle, and of skin and fascial folds, complicate the 
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pirftire. Fij'. 2 S illiist rates liou' flic^ slindims may Ik? rcw^iu'.cil 
That cAPt by (lie stornoinastoid niii*«clo may nwl r-ireriilsc-rnliny 
ns it lies in the area involvetl in tiil»crr«l(»'‘U nri'.iii}; in ninl nrutind 
(lie posterior apical branch of the iipficr lobe brunclnis. 

11.1(1 positioning catis-es the fdindouK of the pcnpula? to ol>scuro 
the outer parts of the lung fields, but (lie«o should be recognised 
ns readily as the rounded nhadowa due to the breassts in the lower 



Kro. 3s Ornwinff tn otmir nonnsi KhA4l«v» at tt)*' njii>« wtu'cH nisy raiiw. liini* 
I'uUy in e'luUn^ tntitiKtun. ntnvs. 1 -« Sun«>R\*Ki,rtM S *■' Co«(kI 

tut* rrl.. nf itiinl ril). 3 »« Rlw<J.m «Ii»» to •>! u> amt roM-m. A <a Tn»n«viTH. 
jrrws...s of vrri^'tira. fl •• Tip of fir«t nl». 6 dilcifiratiun of fir»t crMtal 
riirliljit?'. 7 *• Anst of <lo» to •>up(*rim|K»tli»n uf ttio duiiloo'y of 

two ril« rro-oini; ofio anotlirr. Notoal*o tlK" (•xpnmion ^honn on lli" rf>tir«o 
of ilir> «omn<l ril) n« it tl>o rljsirlo. 

/ones in fcinali's. The Mmdon-s of (bo iiectontl niiiscles and 
tlitir blood supply may give quite prtuiounced ptriatioiis and 
lo-<.s of (ninslucency in llie jnfro-clavieid.tr and jnid- 7 .ories of the 
lung fichls, t*speci.illy on the right side, but gcncrolly in this c.nn<' 
the lower cilgenf tlie pcctorolls can l»e m?cii ns n sharp line nmnbig 
downwiinls and inwards. 


The Trachea 

'Hie trachea siliould Ik? kvii ns a Vind in front of the vertebra'. 
Kliglitlv inclined to the tight, and with no dearly dcfinnl valb. 
It m IV lie a httlc to twr ride in ^eol^l»sjs. mul is generally swn 
as far*ns its bifun'itioii at the level of the tmii chirsal vrrtrbri. 
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The Heart (see Fig. 30) 

An understanding of the 
normal cardiac outline is a 
necessity, since its alteration 
accompanies, and can aid in 
the diagnosis of, diseases aliich 
are primarily piilinonarj* in 
origin. The folloiving descrip- 
tion docs not gire details 
required for the study of 
primary cardiac disease. 

Tlie cardiac outline shou;? 
as an opaque pear-shape<I 
shadou'. ITie transverse dia- 

cJiwt. significance xuxless the heart he 

of the longitudinal type; it 
cannot help where it is of the squat, tnmsverse typo (see 
Fig. 31). In this latter case the outline of the left lower border is 
usually indefinite, as the heart is pushed upwards by the 
diaphragm. The student should loam to recognise th.at tho 
shadow of such a heart lessens steadily from its mid-point 
outwards, and note that under 
its indefinite inferior border be 
can still see the density of the 
diaphragm all the way to the 
cardio-phrenic angle. He will 
then have no fear of confusing 
it with the characleristii; 
shadow of lower lobe collapse 
(compare Figs. 72 and 73, 
p. 90). Here there will be 
dense Joss of translucency fil- 

Ung tho caidiopimtmo a-wle : chren.. l,™ncl»ii, . 0,1 ™ 

the opacity is equal to that ph>'w>nia »howir»c S<{uat Itport. UI^ 
of the mid-point of the canlino 
shadow with uhich it is con- 
tinuous. Its outer border is sharply definc<l. Tlie diaphragm 
does not show as a definite linear outline below it, while llio 
costo-phrcnic angle is abnormally free from striation.=i Wcause it is 
filled by the emphysematou.«» upper lobe. 
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Xonual hilar glands do not sliotr on a postoro-anterior film ; 
on the other hand, it is nsnallj' unwise to diagnose them as 
enlarged unless they are undoubtedly very prominent, for we 
have already noted that the Iiilum shadow is cast mainly by 
blood vessels, which can enlarge considerably in all conditions 
giving liypeKemia. While crenated calcified* glands should be 
noted, and, when they are seen, a priroary Ghon’s focus of child- 
hood tuberculosis should be searched for in the lungs, their 
finding should not be coi^dered as evidence of present disease. 
They do not constitute so-called “ hilum tuberculosis,” for there 
is no such primary disease ; indeed th^ are so eommon that, like 
scoliosis, they should be considered a normal abnormality in the 
film of an adult. 


The Diaphragm 

The diaphragm, appears as two clear cut, dome-shaped shadows, 
one on either side of the cardiac shadow, acting as the lower linuts 
to the basal transluccncy of the hing-fields. 
The right, which rises to the .«iifh inter- 
space, iso little higher than the left, usually 
/ to the extent of one interspace. The blood 

vessel shadows may be seen to continue 
below it, but neither in health nor disease, 
unless they are injected with h'piodol, do 
we see the bronchi in this pasition. 

There are two common findings that mu'^t 
not be read as evidence of abnormality 
of clinical import (Fig. 32). Hie fin-t is 
so-called ” tenting ” of the diaphragm. A 
small triaugle, of short base, sitting on the 
Fjo. 32. Showing Mjpos diaphragm, and drawn into a rather 
taSchl'SiSrtratS dongatwl toirai* the inner 

of ibe diaphrtgm and sj(je of the mid-point of one or other half 
of the muscle. This « a sHgM j.!eural 
reaction in the main fissure, and is a comm on 
finding with broncho-pneumonia even when, b}' the liiston*, this 
condition has been of so low-grade that it has not upet thepatient 
sufficiently to make bira seek advice. It remain's for a long time, 
even x^rmanently. It must not be read as an adhesion or ns 
evidence of lung disease, un!^ a definite pulmonary focus is seen , 
■when it may be due to contraction of the fibres of the phrenic 
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Jion'p, «hicli Jinn l»ccn tnvol\Til in n <ii**ra.«o in fiuiio 

pirt of itK courn; over tticcu|H)l» And post the liihini. Such ix'fik- 
iug »•< never then nt tlio |x><:ition of the main fL^sure. nnd Ita 
commonest cnn ‘'0 w n{nc])l fihitwH, tn!)errulous in origin. 

'File j-ceoiid in a filling in of the co^lo-plirenic angle on one or 
of her phIc hy an ojnqne pfiadow. niip jp again a common ncquencc 
of a previous pneumonia or hronclio-pnciimonia ; the exudate 
on the vi’-ccral layer of the pleura li-os oi^anisHl. It is not evhlence 
of present lung di«caBc, nnd of no rignificance unites a lung fiKus 
is seen with it, in which ca«e il is tiMially evlrlenee of a pcoimdary 
jdeiiml rtMction to a tulKTctihms dojxi^it. 

The 2oncs of the Lung Fields 

Hie rones of the lung fields are <lcfine<l in ncconlanee witli 
the diagram (Fig. Ihi). 

The tipjKr zones are the areas lying l>etween the upi^r apices 
and a lino drawn horizonlally acrovs the anterior lower ends of 
the second ribs. 

Tlie middle zones lie Ivtween this lino and one dmim aimiluly 
across the anterior lower ends of the fourth nhs. 

The lower zones He l*clween this fecond horizontal line and the 
lung hascM. 

Tiirt»o rones arc u«e<l to designate the I>o^ition of any nhnor- 
mality noted on the film. Kach zone should l>e comivxml rare* 
fully with itH fellow on tho opposite pide liefore any condition 
jtoled is judgwl ns a liefinitc ^fejwirtnn* from the normal II has 
already Urn notcsl that dl«e.ve p«x‘es.ees an' never exactly 
rc]H-nte<l in opjiosite rones, mid that if this simple prerautmn is 
not employed it is jHKss-ihU for the common wnflilton of e.nlrilica- 
linn of (ho firpt eo.-'lal enrUI.age to 1*0 lnlerj>rete«l o-s a tuU-nulons 
focus. 

Xonrnil lungh apjxvir na lUrk arras with many linear markings 
throughout them, due to the rhadown of the main pulmnnnry 
arterial branches nnd to pupporting Ptnicturc of tlie parenchyma. 
Wc base wn that the h.iir*like line of the le*^M'r fissure e.nn 
apjiear in the thirsl or fourth rih intcrupace ; no other jwrt of the 
pleura or its fiMures shouhl npjiear in an alwilutely normal film, 
nUliough il is not unusual to find an azygos hd-e in the richt 
upjv’r Tt>ne {••ee Figs. 32 am! 33J. Here a fine line ilividen tlie 
right rup»h hv running dottiiwanlsarMl inuanl* to the upjier part 
sif the eanliic Umler, nt which punt there may npiie-sr a well* 
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marked, but small oval opacitj xrluch is the azygos rein, round 
\^bich the visceral pleura has dipped during development. This 
lobe has a slight loss of translucency, as it contains less residual 
air than the outer part of the upper lobe. 

We have already noted that the radiations due to the pulmonary 
arterial supply go outwards firom each hilum, which is itself due 
in most part of its confused shadow to the main arteries and the 
pulmonary veins. Along their course, and also lessening steadOy 
towards the periphery, we may see round opaque shadows of 
blood vessels caught end-on by the rays as they go backwards. 
In the same 'way, while we do not see normal bronchi, which go 
laterally, we can see the round well-defined circles with clear 
centres which are the shadows cast by backward-going bronchioles 
{see Fig. 32), They may be of fair size near the hilum, and should 
not be read as cavities or mistaken for primary foci of “child- 
hood” tubercle, which are opaque, irregular and hard-looking, 
and usually well out towards the periphery. 

At the danger of repetition, it must be stressed that variations 
in the normal striations are as much evidence of abnormality as 
the shadow of the disease process which causes tbeir variations. 
If we see in the outer part of the rigbflower zone the shadow of 
pleural effusion, we must look carefully at the striations in the 
mid and inner parts of this zone. If the lung baa no disease in it 
we expect to see heavier striations caused by hyperamia from the 
pressure collapse of the parenchyma ; if we can see no vessel 
markings we know we are dealing with a pleural effusion which is 
secondary to a consolidation of the lower lobe. 

The Lateral Film (sec Figs. 34a and 34 b.) 

A lateral film may be taken to give additional information in 
the localisation of lung di6e.ase. For example it will throw a 
shadow that appears to be “ hilar ” into its true po«!ition in the 
apex of the lower lobe in the case of abscess formation in that 
broncho-pulmonary segment which is supplied by the posterior 
horizontal branch of the right lower lobe bronchus. 

Lateral films may be taken of the right and left lung fields ; 
it must be realised that the shadows of the opposite side, although 
out of focus, always contribute to the picture. In the accompany- 
ing diagrammatic representation of the left lateral film there 
can be seen between the vertebral column and the sternum : — 

(1) The diaphragm. 



THE LATEltAL FILM 


(2) 'Hir JK>^tcrior iwm of the co*lO'|>hrrnic angle. 

(3) Tlic cnnlinc shadow resting on tlie anterior furfner of the 

diaphragm, and continuons in its upper limit «ith the 
arch of the aorta. 

Tlic position of the main intcrIoKar fissure is showii a-« a line (4) 
nmning from a point below and posterior to the npe.x downwanls 



Fio. 34a. Th<* U«/^l film. 



and ran<*nnU to n point near the junction of the middle and 
anterior thinU of the di.sphmgni. Tlie lowTr lol*e therefore 
occupies the area Ix-loe this line. 

On the diagram of the right lateral film the position of the 
greater fissure is shown as the line mnrktsl (.'i). uhilc in addilicjn 
the lesser fissure is shown os (6), running lietneen the hihim and 
the posterior Iwnler of the Htcmuin. It may appear on the 
lateral, n.s it does on the posterior-anterior film, in the alrsolwtcly 
normal subject. 



SECTION II 

CHAPTER VI 

PHYSICAL EXAMINATION— INSPECTION, PALPATION 
AND PERCUSSION 

Physical examination of tbe chest has suffered severe criticism 
in the past few years. This is due mainly to the realisation among 
tuberculosis workers that phtlusis can exist for months, and even 
years, without producing s3TMptoms, and thpt in its earlier stages 
it may give no abnormal findings to the most expert examiner, 
while showing definite abnormal shadows on the film. Tiio 
introduction of mass radiography was urged for these reasons ; 
its arrival has accentuated the criticism. Nevertheless, plij-sical 
examination, like bacteriological examination, must remain for 
ultimate diagnosis. Tlie X*ray is not the whole patient. In the 
hands of an expert it can give detail of diagnosb with uncanny 
accuracy, but without serial examinations it can seldom give tUo 
answer on activity or retrogression of the disease process. The 
clinical condition as a whole, part of which can bo summated only 
by expert physical examination, can alone lead the physician to 
an opinion on the present pathogenesis, on which ho must baso his 
immediate treatment. 

Nor must we confine physical examination to any ono of its 
parts. “ Eyes first, hands next, and cars last " is still a good 
guide. It is tbe writer’s experience that many students concen- 
trate too much on tlie stethoscope, and that the statement that 
there are no physical signs means usually that tho examiner has 
found nothing abnormal to auscultation. 

It %vill be assumed that the student is familiar -with nil tho 
usual methods ; only such necessary aids, and such points n.s tho 
writer has found of help to post-gra^uatea, will bti detailed. 

(a) Clubbing of the Fingcre, Inspection of tho terminal pha- 
langes should be made in all patients suspected of chest diseases, 
acute or chronic. “ Clubbing '* is the phalangeal fonn of hyper- 
trophic pulmonary osteo-arthropnthy, which is caused by tho 
forming of a thin subperiosteal layer of bone, and thickening of 
connective tissue over it. It is found in chronic lioart affections 
and elironio jaundice, but is most commonly associated with limg 
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(livrnRc**. Toxins n:nl clininic congestion nn? mM to iiavc sonic- 
tiling to <lo «nth it, Init its rts-il csu<e is unknown ; nr <In not 
know vrhy in the tenninnl phnUnges it shows such markc<! 
thickening of the soft tiwucs in some cases n hich ha\c no nj>i«n'nt 
iltJTeroncc in tiicir hing fothologj* ns ngainst their collcagiic*! with 
no finger cjiangcs. Its nha^nce, then, is of no diagnostic signifi- 
cnucc ; its particular type when ptv««ml can he so characteristic 
n» to Ik* diagnostic iKrtwccn ** septic *’ nnil “ fibroid ” dhoaves ; 
Ix-'twccn, C.J., lung nhws.s niul pulmonnry tuI»creii!osi«. 

TJie two main types show n first Btage in common. Thi'^ 
oon«i«its in n filling in of tlie cot\ncctive ll«Aue at live root of the 
nail, so that there is no gap lietwecn the skin fold and the 
proximal end of the nail such ns Appears on the overage normal 
finger. In ndiUtion, 1111*1 etce* 5 ^« tlv-iue. sliglitly raiso<l, nnd pn-hing 
up the skin fold, ia always cyanotic anti plUtening, as if hy 
continual jKrllshing. While tliis iiutini ehnnge i*i later in apjx'ar- 
nneo in ]ihthi'*i 3 than in the acute septic condition*, when*, a* in 
inlcrlKtlar empyema complicating pneumonia it can npiienr 
witliln a few dajs of the on«:et, it can Ik* verj* helpful ns a hint of 
the po»<»ihle presence of a symptomlc«* phtht-d*. 

In the further changes a.s.'^iatc*! with prolifcMttte tnlicrele 
of adult Ij'jte the nail liecoine* liumpeil, lK»we»| dorvally, snionth 
«n<l ratlier iK’arIy«piiik. while the |vilmar stirfice of the phalinx 
lK*comcs more and more j*enilulon«« and hago*. 'Hie finger is 
thus given o chwdike ap|K*amnec and tiny even look laix-ring, 
n* the dorsal-palmar alteration i* not ofI*cl hy any inukiil 
change in the Literal lUmeiision. 

niU is entirely unlike the effect of septic di-ea.se, either acute 
or chronic, ns in lung ahsetMs nnd hronehicet.isjs, whrrx* the 
alteration is pflierah-eil over the phahnx. Tins nlteral inn i«i m 
all diinensinivs, gn»ss and “drumstick” In effect, often hnlginu 
shirplv at the joint witli the pr'>xim'«l ph.ilmx. to stand out as 
an uglv hhmt stiinip. It riii come on w> rapiilly in acute sej>.is 
aetolK‘not<slitignm-thalmn.st from d »y to day ; ft ran ihsapjw'ir 
n* rapidly, c.j, after cnHent siirpieal drainage of nn interloUir 
cnipseiiu. Naturally this fonn can slowly rephet* the more 
ti<nal tuls-mdous lyjK* in I'mg'St.andmg fdtmiil e.r-e*, where 
hnmrhiolectasis. if not true advanecsl hronr!ik'it.s*is, is a fsunnum 
and exjxvtesl romjiliraf hm. Tlie pilienl in this ca-e i« suffering 
more from the conMMjuencss of Ids th\n from pre-s-i.t 

activity, and linairlutj* or hnwichiectasts is all t<s) e.vily piten 



40 


PHYSICAL nXAM IKATinX 


as a label to one Tvho is a chronic sonrce of tuberculous infection 
to all his contacts. 

In this connection ve maj no^ that emphvseina is given as 
one of the causes of clubbing of theifingers. From our considera- 
tions of pathology "we Shall see tbaLemphysema is almost alwajs 
a seeondaiy condition. Its .primaiy cause is the reason for the 
finger changes in the vast majority of cases. 

(6) Inspection of the chesf as a whole should be made before 
any palpation methods are employed. Slnch confusion can result 
in all examinations up to film inspection if the presence of the 
“normal abnormality” of scoliosis is not recognised from the 
beg inn i ng . A general inspection of the chest, back and front, 
should Tvam the examiner of the true condition, and keep him 
from making some diagnosis of pathological import. It will 
prepare him also for those changes from the absolute normal 
uhich he will see on the radiograph, in the shape and position 
of the heart, and in the prominence of hilar and large polmonaij* 
vessel shadou-s. 

PALPATION, (o) The Sterso-mastold Sign (see Figs. 1 and 33). 

Several methods of diagnosing mediastinal shift by assessing 
the displacement of the trachea hare been described. Most of 
these rely on deep palpation in the supra -stemaj fossa, a procedure 
to which most patients object very strongly. A much easier and 
more reliable method is that to which reference is made several 
times in the course of these studies. It consists in gentle palpation 
across the tendinous origins of the stemo-mastoid muscles at tho 
upper anterior surface of the manubrium. 

We have seen in various chest conditions how the apex beat is 
not nearly so reliable a guide to mediastinal dispLicement, how 
the heart swings on its long axis much more readily than it does 
bodily to one or other side, and how for this reason, while it 
responds to inspirator}' movements as shown in screening of 
cases of atelectasis, it does not give at positions of rest the same 
amoimt of fixed change to act as a guide to the examiner. Thus 
it moves backwards (from left lower lobe emphysema) in right 
lower lobe collapse, and its apex beat to ixalpation or stethoscope 
gives no aid to the actual diagnosis, while the stemo-ma-stoid sign 
will be strongly positive on the right side. 

The main value of tho sign is s,een in cases of unihitend di'easo : 
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ifc is only to bo expected that bilateral discAvSe Mill give bilatcnil 
changes of similar t>T>e, Tbo onset of disease in the loft side, 
following an established disease in the right, uill inevitably undo 
the value of the sign, previously present in the right sterno- 
nia.'itoid. 

In acute conditions such as uncompUcated pneumonia, hroncho- 
pneumonia and lung abscess, as in cj'stio disease of the bronchi ” 
and the cpituberculosis of childhood, it is negative. We have 
(lisciiiwed the reason for this. Tliese diseases do not destroy 
eLifltic tksue, and have no effect on the normal pressure a.s usually 
oxerted by residual air in the alveoli. In chronic conditions Mith 
loss of clastic tissue, atelectasis, and later svith fibrosis, it is 
positive, t.g., in tuberculosis, and bronchiecta.sis. 

For its discovery the patient should bo placed in a good light, 
Bfnnding, sitting or lying in n relaxed jiosition, u'ith the head 
rcntml to thorax. Gentle palpation with tho index finger across 
the muscle tendon is quite sufficient ; tho slmriKT edge of tho 
effected tendon, whicli as against its softer, rounder neighbour 
'1 resist pressure, is easily felt. With very little practice tho 
trver will see tho sign before lio applies palpation. 

\ (6) Lung Movement 

\ \y students attempt to ns«!e.Hs lung movement by placing 
\ bns of the hands over tho mammary regions with tho 
\. pointing upwnnis ami out'vnnis touanls the outer sub- 
.~..,v«M.»r regions. By so doing they cannot liojic to find anything 
l>eyond tbo anterior, fonv.anl movement of the thorax, uhich is 
ninimal as against the downwanl cxcurvion of the lungs in 
V5pon.so to diaphragmatic contraction, and tho lateral movement 
n response to the increase*! snh-ntmospheric pressure of the 
mtra-jdcural spaces. Tho n.s.sciwmpiit of downwart! movement 
by percussion m ill bo di«icu‘wc<l below. For projter nv«ic.‘wment of 
lateral movement by iwlpatlon, the jwlms and cloKjly npproxi- 
mattnl fmgerH shouhl 1x3 iiUce*! gently but firmly in contact with 
the axillm, Milh as U'ido an angle as possible l>ct«ceJ» the forr- 
fingorh and thumbs. The Mhole hands arc then moved inManlx, 
still in cln«ic cont.act M'ith the chest Malls, jintil ibe llminb*ti{>s 
meet in the mid line of the steniuin. Tlie julicnt i^ then nshol 
to tabi' in a long. sUw bn*avU. GlUng hU elu^sl Mitbont heaving.- 
up bis Hlmtihlcrs. l*>ck of inovrineiit on otic side ns ngain'*! t‘ 
other it inniiftli.itely evident; It will not moM* the pilm 
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fingers outwards, and the thumb on which these net as a lerer 
will more but little from the mid-point as against its fellow. If 
the method is properly employed expiration should bring the 
thumb-tips together again at the mid-point of the sternum. The 
method is much more easy of application posteriorlr. 

^Vhere bflateral emphysema is present the thumbs move from 
the mid line hardly at all, while the whole hands move upwards 
rather than outwards with deep inspiration. 

PERCUSSION 

(a) General. The note in the longs is individual and compara- 
tive one side with the other. The normal for any patient should 
be assessed on the finding at the left apex to gentle percussion, 
u-ith the understanding that while sound enters into such assess- 
ment the feeling of resistance transmitted to the pleximeter 
finger by the underlying tissue is of equal importance. Hearj* 
tapping prodaces much noise bat Uttle to add to the knowledge 
of the examiner. Grades of departore from the normal can be 
described as impairment, dullness up to dead dullness, tympany 
and marked tympany. 

A note on the left apex equal to that of the right must lead to 
a suspicion of left apical abnormality. Its pictorial representation 
by one line helps us to compare it with more marked abnonnalities. 
Thus two lines will represent the usual dullness of taberculo«i3 
and bronchiectasis, three the underlying resistance of pneumonia 
and fluid, and four the tonelessness and marked resistance of 
masstre atelectasis and new growth. Tympany is found in the 
higher pitch and lessened resistance of the basal emphysema of 
chronic bronchitis, and marked tympany in the Ia«s of lung 
tissue, replaced by air, in poeumotliorax. 

(b) Diaphragmatic Movement. Percussion to be complete 
should include examinatiem of the cliange of note at the lung 
bases with in^iration and expiration, as by this means diaphrag- 
matic excursion can be assessed. A normal diaphragm should 
move downwards at least one finger’s brcadtli in the nxiEi, end 
one and a half breadths in the mid line of each half posteriorly, 
with deep inspiration. Lessening of extent of such movement 
will indicate adhesion up to complete fixture of the diaphragm. 
Examples of the usefulness of percussion in tliapiosjs am : — 

(1) The dullness of upper lobe phthi«is is predominantly 
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AUSCULTATION 

Xo student can hope to be able to distinguish the various 
abnormal sounds that can be found by ausc^tation unless be 
has accustomed himself to the many variations of the normal 
as they present themselves to his individual sense of hearing and 
tone. He should avail himself of every possible opportunity to 
examine healthy lungs in the fat, the thin and the muscular, 
using one uniform rule as his hose line — €.g., always listening in 
the upper axilla, or to the inner side of the lower iimer border 
of the scapula, while the subject lakes long quiet breaths through 
the mouth. 

He will soon find the following three characteristics of the 
normal : — 

(1) The sound is a gentle rustle, as if made by an infinite 
number of individual sounds that run together, an occasional one 
of these being sightly louder than its neighbours. 

(2) Inspiration is slightly longer than expiration. 

(31 Inspiration fades into expiration with no interval. 

If now he will listen by placing his stethoscope over the trachea 
he will find four distinct change. 

(1) There is a distinct gap betweerr the end of inspiration and 
the beginning of expiration. 

(2) Inspiration and expiration are of equal length. 

(3) There is an entirely new quality in the sounds. Tliey are 
pitched higher than normal, as if the normal sounds of a largo 
area were concentrated at one point, or the patient were blowing 
gently through a tube. 

(4) The sounds are louder. 

The first and second are present in everj’ tN-pe of breath sound 
that is called “ bronchial breathing ” ; the third and fourth varj* 
considerably in different disease conditions, all of uhich are 
described as giving bronchial breathing. 

Naturally every teacher demonstrates his own acuity of hearing 
and sense of tone. The writer has used the following rough rule 
of thumb ; — 

T. Ocer .scat(ero<l arc.as of fibrosis and ateIccta.«H, such as arc 
found in clironie pnlmonaiy tubereiilc^-ix and bronchicotiisl'*. and 
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ance with their causative (Useases, as these affect the hronchial 
and/or the parenchjTnatous structures. Wo Iiear the sounds 
known as sibili in both bronchitis and pulmonary tuberculosis, but 
whereas in the former we hear them mainly in the first or hronchial 
phase, in the latter they are mainly in the last or parencliymatous 
stage. Thus tlie same actual sound can bo of very differing import 
to the examiner and the patient. We see why it is so easy for a 
case of active tuberculosis to be interpreted as merely broacIiitL«, 

There appears to be considerable confusion in the minds of 
many students because they have no clear understanding of the 
true meaning of the many described abnormal sounds heard 
interfering with inspiration. They are so subdivided in the usual 
teaching that they lead to confusion. \\Tiat is read by one 
physician as the only true of early tuberculosis may be read 
by another as evidence of a late stage of the disease. 

For all practical purposes, the writer believes that added 
sounds can be reduced to three main types, each with the parti- 
cular significance of its underlying cause. They are ; — 

(i) Crepitations, fine and coarse. 

(ii) Sihili and rhonchi (coarser sibili). 

(iii) Rdlea ; fine, medium and coarse (consonating or metallic). 

!L Crepitations (see Figs. 37 and 3S) 

If the name crepitation be confined to a sound wliich ha<« a 
dry quality to the ear, we can correlate it with fibrosis, i.e., 
increased deposition of connective tissue, which we shall see 
occurs in various diseases considered under the section of applied 
pathology. The breath sounds are now so changed that their 
individual components appear to be a series of dry crackles. The 
coarser these sounds become, the less seem to be their number. 
They will indicate to us a permanent structural change u liich is 
not removed by cough ; a restricting material which lies round 
the bronchi and attempts to interfere with their natural expansion 
and elongation in response to the act of inspiration. In the 
pleural cavity fibrosis is the result of adhesion between pleural 
surfaces. We can hear crepitations, therefore, at two points in 
our examination. 

(1) First, they can appear by the act of coughing. They are 
then fine, approximating to the sound produced by rubbing tlio 
hair above the ears. We are hearing the disturbance of inter- 
pleural adhesions wliich cough produces. They are a common 
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ing cavitation in each of them ; it precedes the signs of cavitation 
and remains wlien they appear. As already slated, the crepita- 
tions are indicative of a change that will not recede, that may 
be masked by emphysema later, but may also lead to much more 
serious damage if the prime cause continues. If we read into 
them the lessons they try to convey, they will aid us in prognosis 
as well as in diagnosis ; thus their continuance in the mid-phase, 
after the apparent complete evacuation of a lung abscess, warns 
ns that our patient is not yet clinically well, that a so-called 
recTOTence of his abscess may follow, and that what is really 
threatening is a consequent bronchiectasis, by involvement of the 
bronchus. 


2. Sibili and RhonchJ (sea Pig. 39} 

These are best interpreted as indicating moisture obstructing 
the passage of air through bronchi, small and large, Wliile very 
little moisture in the smaller bronchi 
will produce sibili, still smaller 
amounts in bronchi under contraction 
will give the same sound. The quaUty 
of the sound does not differ by the 
origin of the obstructing material : In 
other words, we can hear sibili that 
are due to stripping of the ciliated 
epithelium in acute broochUis.and sibili that are due to material 
entering bronchi from breaking do%rn parenchyma in phtliisis. 
Again we hear them in acute asthma, because even the natural 
moisture, normally removed by the action of the cilia, cannot be 
dealt with ; the last circular muscular fibres are contracting so 
severely in the terminal bronchioles. 

If, therefore, we apply our scheme of dividing inspiration into 
parts we can correlate sibili and rhonchi with their patho- 
logical cause. 

In the first phase they will be “ bronchial ” in origin : they 
indicate bronclutis and bronchiectasis. 

In the second phase they will be “ bronchial-parenchymatous." 
We are listening to diseases whicli affect botli bronchi and lung, 
eg, broncho-pneumonia that is rcsolvii^, and lung abscess 
isdiarging. In the first they will be over a considerable area of 

the lung; in the second, they wiT be localised. 

In tlie tliinl phase they will be “ iiarenchymatous " in origin ; 


fKnCH 

VWVWrrT,... A 

_«wyvWVVVVB 
Fio. 39. 

A. Bron<4iiti«. 

B. Pulmonarf fubemUo«ts. 
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Ther are still more insistent, and coarser, in the discjiar^^ 
lung abscess, although they are confined to one area as against 
those heard in the disseminated disease of broncbo-pneumonii. 
Tliey become more and more consonating and metallic wjjere 
bronchial blockage has led to breaking down of the lung substance 
in a case now going on to chronic abscess. "We hear now esactlr 
the same sounds we heard in bronchiectaas. There we heard 
them begin and hare their greater intensity in the first or bron- 
. dual phase and they were heard over 

a Curly laige area of the lung. Xow 
■ 1.2.3. ^ them in a localised area, and 

■ ■ . ^ most intense in the mid phase of 

B inspiration. The same pathological 
Fro. 40. process is at work in both conditions. 

^ PneuiTOiua. ju bronduectasis the disease prog- 

gt^sed firom the bronchus mto the 
parenebyma ; in lung abscess it progressed from the parendj^ina 
to the bronchus. Chronic long abscess is only a localised form 
of bronchiectasis. 

In both cases, as (he disease progresses, the rales get more and 
more metallic in type, telling us that commnnication between 



A. T.Ting sb<«ess. tubcrruJoui csntation. 

B. Bronchje^tAsis witb lon$ 


abscess. 

earitation in the lung and an enlarged bronchus is now cstabUshed. 

In. the last., parenchymatous phase^ we find them in pulmonary 
tuberculosis. VTith an advancing lesion they slowly replace the 
sibili and rhonehi of lesser obstruction ; while, like them, they are 
due to material entering the terminal bronchioles, they are now 
dne to actual breaking down of the parenchyma. As the condition 
goes on to established. cavitation the rales get more and more 
metallic, reaching their crestendo of sound at the very end of the 
inspiration. 

Tlie scheme of interpretation of addetl sounds js summed up in 
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CHAPTER \Tn 

SOME GENERAL POINTS. AND THE \TSUAL, OBJECTIVE 
DESCRIPTION OF THE ABNORMAL FILM 

Ik this section ire shell gather together such chants from 
the normal as ire shaS see in the films of diseases discussed 
in detail in the section on applied patholc^*. It is possible to 
group them under their main characteristics!. For example, most 
diseases of the lungs have in common an inflammaforj’ e-vudate 
filling lobules as a result of irritation of their alveolar trails ; 
this common process has a common homogeneous JS-rar shadow. 
It is denser than that of tbichened plastic pleurisv, but far less 
dense than that of atelectasis. It therefore foUows that the 
shadows seen in these three separate conditions are all objectively 
described as homogeneous, although they may, by the experienced 
eye, be correlated ^vith their individual underl.ving x^athologj', 
especially if they are studied in conjunction with the clinical 
details. These should always accompany the request for a 
report on the film of a patient who has not been clinically examined 
by the reader. In other words, a film report should be in two 
parts, the first a visual objective description of what is actually 
seen, the second an opinion on the cause. 

It goes without saying that anyone attempting to give an 
opinion on an abnormal film roust have an extensix*© knowledge 
of the normal, and of all “ normal abnormalities.” Reference lias 
been made several times to difficulties that can arise by the 
reading of a pathological cause into the normal abnormalities of 
scoliosis, or simple calcification of the costal cartilages. Even 
the most experienced observer does not despise the assistance of a 
good example of the normal. 

THE VISUAL DESCRIPTION 

Some general rules for guidance may I>e set down : — 

(1) Read everj’ film according to a fixed routine, sncli as that 
given in the chapter on the normal film. 
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^2) It! tljc trachea, licatt Rn4«Uaj»!jr3pin, notmuy 

chcnpp in fliajK- njul iiO‘ition. 

(3) In tJic limp xonM look fin-t for the travel niirkmp* ami «!ie 
lc?Kcr lK«urc of the ripht lunp. iiotinp nny inrtT‘i«*. (Iccrrn'^ or 
ckflnpr in prj*ifion, «c»cii as hundimp or rpLiyinp of vav>ut\r 
hbadowTi. 

(4) iX'vrrilx* nlmormal Miadou-n acounlinp 1<> tficir h.\»ir tyjwNi. 
rcfnr;iilMTinp (Iml in frtmt of lliein or licljtnit them tlirrr innv 
ehft«lo\oi of nonnnl ftructiim>. TItewr arc ftmr lia»u* tvjs-* . 
^trc.nktnc'j*, hnnjnprnrons fha«low-«. iion-Iinmf>prn<H>«« 

and ring fhnduwj*. 

Strrak3ni».H is the rnnir applnvl to incrr.ws In the notriMl limp 
mArkinp**. 

Homopcfifous itlindoan arr tho»< uhirh do not alter in thnr 
cvcnncfvS throtiphoiit their extent; nlthoiiph they max alter in 
<len‘'ity, they do not do «» anddenly anti intemijiteilly. 

Xondu»m»»pene<ms fhadoxxa arc tliewie that alter Midtietdy in 
dennity at one or more jmlnta thrrmphout their extent. 

lUnp diadowrt have more or leaa nrrum«erjhmp In»dJ» In 
their eentrea they may have horoopenemis or non-ht^m^'pevexma 
phndoxra, <ir areas of transhioeney. Similxtly, their limiting 
l)tnind.sri«» may consist of one or other of these types of iihadnxra. 
TJieee ahadon-F « ill l>e «le*eril>e<l in more detail m the next chapter. 

(3) Give the Fixe and rhape of individual fhailown ; they max l*e 
rinple or nndtiple ; larpe or amaJI ; xxell or ilUlefinni , ihfTu*e 
or along tht lines of rormnl inarkinps ; eonthient or jvitrhy ; 
round, oval or trinnpd.xr. 

'file term " molthnp ” is often «««1 in de^eriptiona f»f ahadous. 
It ronvr.XT* the ide.a of a mixture of o|vnrpe and non ■ojwqije arras. 
In this wiLor it can ajijdy toaiirh ehadoa-s as orenr in thr him of 
xmvomplieatwl lironch'»-pnexxmoma. H i«, ho'sexrr. x'ften u-r»l to 
des«Til>e n mixture of hoinf^rneou* and non-ltfiiiK¥:rn«^>iis are.v» 
fuch as are fnimd in the fdm of pulimnurs’ lulerru!o»i*. anil K'mr 
intrqffrtatiim* ronfme it to this roeaninc h is ihrrrforr nr^ a 
pnwl xxonl to u*r. a* I'einp m the literature half sleK 77 ji*j\p Rrsd 
half inteqirrtatixe, and with no aeeeptesl definition under ettircr 
heading. 



CHAPTER IX 


THE ICTERPRETATION OF ABNORMAL SHADOW'S. 
STREAKINESS, HOMOGENEOUS AND NON-HOJIOCENEOUS 
SHADOWS 

Befobb giving an opinion on the diagnosis of a patient under 
rerie^ the examiner shouid notr inspect the film more closely at 
about 1 foot from the viewing box, and then go back slowly to a 
distance of some 5 or G feet. The writer realises that this will 
not make the film stereoscopic ; what it will do is to make 
individual, more opaque areas, tnthin a shadow that looks more 
or less homogeneous on close inspection, stand out against any 
background common to them. Unfortunately, this point 
cannot be demonstrated by prints bnt only by the study of film * 
on -viewing boxes. 

There will always be the difficult cases where shadows arc so 
confused or ill-defined that their underlying pathology cannot be 
diagnosed. There is no such thing as the typical film for every 
disease ; there are always individual differences. Furthermore, 
we all understand that X-ray examination is at best only an 
accessory to general and specialised physical and laboratory 
investigations. Consideration of the genera! condition, the 
temperature, the blood-count, cellular content of effusion, and 
the result of bronchoscopy and biopsy may have to come into the 
summation of the interpretation, together with serial film 
examination, before we know in any one h^qxjthetical case 
whether we are looking at a lobar atelectasis wliich is basicaUy 
post-pneumonic, post -operative or due to carcinoma of the 
bronchus. There are, Iiowevcr, from the e.vperience of various 
disease conditions as reviewed under applied pathologj*, certain 
guidances to be had if we look now more closely into the main 
types of shadow defined in the last chapter. It is understood, of 
course, that, while these are read individuaUy, tlieir accompanying 
shadows, and the evidence of interference or non-interference 
\rith other stnicturK of the thorax, are read with them for 
interpretation. Tims, the sliadows of pneumonia and of ntelectaris 
of the right upper lobe are both homogeneous in tyjw, but we have 
seen that there is no change in the blood supply of the middle and 
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In^tcr in prifiimi)ni.i, In !1 k-:x' i- 

of tijcir blow! .“Hiiply, finr#* 

Slreakiness, and Abtencc of Normal Marking 

DwrroK* anti incrr.nv' of normal lung m-trkmg^ srr ctpnIK 
ijnj»ortant. Ik'rrra«<' ia fountl in ptictimotlsorax, cjTtlr lUu'.iV' 
of the hroiichl, and cniphywmn. In pneiintnthornt thr of 
inarkinpx npjwaw outride the line of the collap^l Inng. wliilo 
Ihi'^ U o{T*ct by int-rrawl nmkinca within it. With rt^tic 
di^r.n'o f«imc faint niirkinpH o{ normal !i:ng In frt'iit of. tjr 
Itf-hind, (he ryrt may ocra«ion«lly fcctt, htit u*tnlly there 
it n rirrtirii»cril»eil nn-.n «f (he tma«Iurenry of pn^’iimntluima. 
Often (here are nilh l.nrper cy*t,« dofimte inm-.v-vl m.irktng< 
mtt^itle the cvft, «lue to prt^^urr roIU|»o’ of I'urTOtmiiinx hditiW 
ntiil the erowding togrtlier of tlicir ntirmal rtnirttiral ronnertivc 
tlwtie and hlfvnl atipply. 

Wjth finphwmt there l< n decn*A«te over until or Urge area* 
of the Iting, giving an incrx’-av^l (rtin»hieeney of the ailfctwl pitt. 
Ulierr n coa«idcrahle portion it nflectttl. m m the prott 
emphyeetn.t of clmmle hronfhili«. or in the ctwjo plirrtvip ani:!’’ 
rntphyaeina of the upiier !ol»e <lne to hmer lol«e atelectAti*. only 
tlie faint mtrl.inct of theaupiKirtinp atmitnre of innrlMlMten’lw! 
lobtilet ean l>e wn. iSuch n fdm dwgn»»*it of rmphyrerot mat \ie 
of prvat imfiorl to the p.tttrnt. At already rtatotl. tf il it rml 
neeoiiipmifHl by np|virent X-ray eaii*e to onlitiary film esamini* 
tion, il may rail fur Bjievi.tl cxntnin.ition hy hpioclul lnj'«rtion or 
bronrha<eopy. 

lncTe.a*e<l atrt*Akine*i it found In h.vj'eri'mit. We ahall nf 
how hyirra’iiua tt the flr>t iiidiration of arule lin»nrhtlJ«, and the 
eon*‘t.an1 acTonijuniment, if not the ha»ie cau’^, of chronic 
bmruhitit. We have ►een U»{>that wrotmhl to look for h\ j*er»rr:i'' 
markings in n Inns under from j'l—an'v with r(ttt«ierv, 

ntui how ue jmrt ni'jKvl con«'dtilttjnn of the lung if wp iK> not 
Kx* them. 

llie di*!ini-tite feature I'f all »hadn»» ronnr'ting filro*.* !» 
tl. it they »tan<l out m intrra'irg n-ln-f if we oWrtr tl^ f.l-a a* 
UP pT Kirknanl tn somr i feet fmm it. Tin* rliarxrteri*’.!'- they 
thnn> Mjth tho'o ^h.-tdown we have rtme.! tit>n-l.ern<v^‘e< -n. 
In rhfojii*' hrorjthiti* they ate a!m<>>t invaritMy al'>*u' •te 
hfie^. at iTulu-vtiig that there b ln«TeA>e In iw-rihr'jn'i.Ul ttcj- 
neetlvi' to'ue cau-ej by the !.r|«*rxfr.ii of it« Te“eh, With 
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fibrosis we maj see corroborative evidence of the true pathologj- 
in disturbance of the normal position of other recognisabJe 
structures, e.g., change in the position, or density, or both, in the 
lesser fissiue, rise of the diaphragm, and perhaps displacement of 
of the heart and mediastinum in such a disease as bronchiectasis. 
Again we see streakiness, perhaps dissodated Jrom the usual 
normal markings, in carcinoma, especially in the nodular-medial 
and basal types. We find it also, with or without discrete nodules, 
in the reticulations of silicosis, when we are viewing the con- 
gested and thickened lymphatics associated uith this disease. 

Homogeneous Shadows 

These shadows, when in the long, result from c-vudates and 
de-aeration ; in the pleural cavity they are due to exudates and 
occasionally to transudates. 

On the whole it can be taken as a safe nde that homogeneous 
shadows indicate acute lung disease. They arc found in pneu- 
monia, broncho-pneumonia and in the acute, progressive parts 
of tuberculous lesions. Their variation in density can give us a 
hint of their underlying pathology. Homogeneous loss of trans- 
lucency of lesser density is found as the X-roy evidence of inflam- 
matory reaction in the alveoli. Tliis is due to irritation of the 
walls of the cells by the organisms which later penetrate the walls 
and fill the cells with e.vudate. Such e.vudate throws a denser 
hut still homogeneous shadow. 

It folIou-5 that under this type of shadow falls that called by 
the name of “ pneumonitis.” This term is justifiable if it is 
merely descriptive and not meant to be specific and interpretative. 
It is not a pathological entity. It is the shadow common to 
everj’ proces irritative to lung parenchyma, being the cedema or 
catarrhal exudate seen in pneumonia, broncho-pneumonia, lung 
abscess, bronchiectasis and tuberculosis. Its presence means 
that some specific disease is at work ; ue shall by serial films find 
this underljing cause, or we uiay require lateral or tomograph 
films or even such investigations as injection of lipiodol or 
bronchoscopy to reveal it. 

In uncomplicated pneumonia and broncho-imeumom'a wo see 
a homogeneous shadow involve the broncho-puhnonarj* areas of 
a main bronchus or one or more of its branches. In phthisis we 
see it in the localh^ areas of dorsal bronchioles. In both we 
can follow its progress from the catarrhal to the specific heavier 
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which Ehows that these materials are repLicin:: the residual sir, 
and not alterin™ the normal pressure which residual air maintains. 

Again, in the film of adult proliferatire phthisis vre hare, at 
some stages of the disease when exacerbations are tatinc place, 
the possibilitT of three homogeneous shadows. Piist there is a 
generalised, fine loss of translucency forming a background to flU 
other shadows ; this is the plastic pleurisr of slow irritation and 
adhesion of the orerlying layers of the pleura. Second ^re see 
scattered areas on the edges of the TnAtn shadows ; they hare a 
density slightly greater than the first, and equal to that of the 
catarrhal exudate of broneho-pnenmonia. Xext we see the 
denser homogeneons shadow of tuberculous exudate in lobules 
where the tubercle ba cilli have invaded bnncljesof acim to produce 
true tuberculous exudate. Xone of these alter materially on 
distant viewing, while all three incline to merge when we look 
very closely. The distant view will, howerer, throw into strong 
rehef any non-homogeneous shadows also present. 

b'on-homogeoeous Shadow's 

These are shadows which alter materially m their density 
within their extent on viewing at ordinary distances^, and still 
more so when viwed at a greater distance. As against homo- 
geneous shadows, which mean acute long disease, we can take it 
as a safe rule that they mean chronic disease — ^bronchiectasis and 
pulmonary tuberculosis being the commonest. In other words, 
we can correlate them with fibrosis and organisation, and with 
the type of atelectasis which results from these two processes 
They are denser, more clear cut and harder looking, and usually 
very irregular in outline. They may on close inspection appear 
to be confluent with the rest of the abnormal shadow of which 
they are part, but on distant viewing they stand out sharply. 
TTii^ is b^use they are surrounded by lobular complementair 
emphysema, the continual accompamment of atelectasis in all 
its forms. We have already noted that there can be no collapse, 
in either small or large areas of the lung, without corresponding 
emphysema. The translucency of these emphysematous lobules 
acts as a foil ; it offsets the organised areas. It is therefore 
possible to write an interiuctalive report of “ tuberculous 
infiltration, fibrosis and pleural thickening.” 
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affections up to tbo sepsis of bronchiectasis, and can sometime; 
be recognised in a collapsed lobe. Ordinarily, however, in thei 
uncomplicated state thej bare two definite characteristics ii 
addition to those stated nhich can aid us to give an interpret3tiv< 
reading. Pirst they have no associated evidence of fibrosis ronnt 
them ; second they have no associated mediastinal shift. 

The outline of lung abscess which is discharging gives the 
next more evident homogeneous ring shadow enclosing an area of 
comparative translucency. The boundary is now round to J inch 
in depth. It nsually has a generalised hazy loss of translucency 
external to it and over its enclosed lung tissue, this being due to 
thickened pleura, and, on its outer edge, to catarrhal exudate in 
those alveoli which have been irritated but not actually involved 
in the disease process. Tlie actual boundary is made of pneu- 
monic exudate and so does not alter materially in whole or in 
part with distant viewing as agaiast closer inspection. It has no 
surrounding fibrosis. It is therefore in every uay a single entity 
in the lung field, oval rather than rounded. Its homogeneous 
character tends to remain up to its change to the secondary stage 
of bronchiectasis, its inner pneumonic constituent appearing to 
be frozen in silu, even while its outer fining show.^ increasing and 
decreasing densities uith advancing invasion of its sepsis into the 
surrounding lung. Moreover, it stiD remains an entity, and not 
just part of a generalised involvement of the particular lobe or of 
the lung field in which it is situated, as is nearly always the case 
with the tuberculous cavity. Apart from the acute excavation 
of an Assmann’s focus, a tuberculous caviti* is seldom without 
definite suiroundii^ fibrwijs. 

The average tuberculous carity can be visualised from what has 
been already described (sec Fig. 90 , p. Ill ). Its surround in both 
internal and externa! borders is irregular and uneven. It merges 
in its outer zone irith evidence of fibrosis. Thb fibrosis, with 
organised and collapsed lobules that are fused together anti 
opaque, form its wall, which stands out in bold refief to distant 
viemng. It is seldom llie only eridence of disease in the lung. 
It may contain a fluid level, which shows as a homogeneous 
shadow with a straight, iiorizoutal ujjjxjr border, but a fluid level 
is much more common in the lung abscess wliicJi is not evacuating 
freely because tlie bronchus connecteil vith it is blocked.*' 

(b) Ring Shadows round Areas of Comparative Density. 
Shadows may be of ring shapes round areas of comiiarative loss 





SECTION IV. APPLIED PATHOLOGV 
CHATTER XI 

BRONCHITIS AND EMPHYSEMA 
^ Acute Bronchitis 

Ik broQcIutis both acute and chronic there are tu-o clianccs 
from the normal of 'n-hich we must take particular note. These 
are increased blood supply, and more or less destruction of the 
mner constituents of the bronchial wall. The increased bloo^l 
supply contributes to our fibn findings. We have noted several 
times that the branches of the bronchial tree are clo'sely associated 
with those of the blood vessels .and that the latter show on a 
normal film. In bronchitis these markings become more evident, 
being due at first to the congested blood vessels, and later to' 
increased connective tissue round the bronchi as a result of this 
hypensmia. 

In acute bronchitis congestion caoses swelling of the mucosal 
coat, while all the coats become infiltrated with large numbers of 
polymorphs. As a result the ciliated epithelium peels ofi, and. 
mixed ^vith degenerated and broken up polymorphs, makes a 
stringy exudate on the mucosa to form the muco-pus which the 
patient expectorates. This naturally tends to obstruct the 
bronchial lumen, and, as air attempts to pass it, gives us the 
stetboscopic sounds of rbonchi and sibili in the larger and smaller 
branches. These sounds may be beard tliroughout inspiration, 
but if uu listen criticall}’ we find they are most insistent in the 
first third of the breath sound and thereafter tail off towards its 
end. 

This position in inspiration is an important diagnostic feature 
as against pulmonary tuberculosis. There is no fundamental 
difference in the qnahty of the sibili and rbonchi hcanl in both 
conditions, but the sounds denoting active tuberculosis do not 
appear until the third stage of inspiration and get more and 
more marked until its end (see Fig. 44). 

If the condition is verj* acute, and so produces a he.'l^-y viscid 
exudation, this may seen on the film in larger bronchi ns n < 
loss of translucency running between tliin, ill-defined, parallel' 
lines. Tlie loss of translucency is duo to the e'cudato on the 
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have l)een lo'=t, so that there is much more oh‘:trnction !iy niateriil 
■tthich is now mainly pus from degenerated polymorph®. We ®(e 
therefore why it is that the abnormal sounds of rhouehi are much 
coarser than those we heard in acute bronchitis, hut also why we 
get, from less viscid sputum, less loss of translucency withb the 
lines of more inflamed bronchial walls. 

(6) It causes small round cells to invade all the bronchial 
coats from the mucosa outwards. Ihese cells become infiltrated 
by capillaries, and the consequent deposition of fibroblasts, with 
endarteritis of the capillaries, leads to increasing fibrosis. The 
main brunt falls on the connective tissue coat, because of the 
long continued hypersemia of its blood supply. 

On the film we can recogmse it in definite white streaks along 
the lines of the affected bronchi, continuing more clearly, and 
much further outwards from the hilum tlrnn any normal striations 
we may see connected with vascular markings or with the 
supporting structure of the lung. They are particularly evident 
along the inner bronclual bundles of the lower lobes on both 
sides ; only the fact that the heart shadow covers less of the 
right lower zone makes them more apparent in this area as 
against the loft lower zone. If we stand some distance from the 
film we can see these streaks give much more evident outlines to 
the affected bronchi. 


Fibrosis gives us a new stethoscopic sign beyond the xhonchi 
of bronchial obstruction. We hear dry crepitations throughout 
inspiration, which remain after cough (see Fig. 45). These show 
cKEPiwrwe Cbrotic material round the bron- 

ebu® is resisting its attempt to elongate 



and open up by the act of m.spiration. 
What wus preriously only a. supporting 


Fio. 45. 

A. Gviieralised fibroBis. 

H. Marked penbronehiaj 


surround, expanding and contracting 
with the norma! movements of the 
bronchi, is now a constricting band. As 


■fras materirA is static anti not move- 


able, as mucus, by cough, it is a steady finding in aU clironic 
inflammatory diseases of the chest. In its turn it produces 
emphysema, which we shall discuss a little later. 

A still further effect is shown on the film (of the advancctl ca®e) 
in an alteration of the normal cardiac outline (sec Fig. 31) due 
to resulting hypertension. An early sign of this complication 
appears to be an increasing size of the aortic knuckle, similar to 



Fic 4G. Segmental oollap^ of the riglit lower lolio in bronrha pneumenia. 
The line of the collapning lingula can Im* •«en m the outer lower zone. 
Outside the defined edge of the affected segmem there 'n cinjihj-'ema 
in the costo phrenic angle. 
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distension of lobnles Cxfin sltxin^ge of their supporting connective 
tisstie. We shall note later how this occurs in pneumonia which 
heals slonly and badly by repair instead of resolution ; known 
as post-pneumonic Sbrosis, the condition commonly affects the 
whole of one lung. The contracting peribronchial tissue drags 
on the septa of the lobules, bringing a generalised stretching of 
the elastic tissue of the individual alveoli, but it can also become 
so much thickened that it crushes and destroys the alveoli in its 
neighbourhood. In other words, wc have both complemcntan.’ 
and atrophic types. 

All forms of emphysema occur most easily where the supporting 
tissue is normally weakest. This is why the lung bases so easily 
blow out in chronic bronchitis ; why the lower anterior edge of 
the right lung so readily distends when the middle lobe collapses, 
to fill in the space vacated by the receding lobe. It is the reason 
too why, with the collapse of one lowerlobe, the other one so readily 
bulges across the anterior mediastinum in an attempt to take its 
place. The lack of support is the cause why we occasionally seo 
localised emphj'sema over the apices of the lung, that may 
rupture without obvious cause of strain and present us with 
“ simple spontaneous pneumothorax ” through leakage of air into 
the pleural cavity (see Fig. 11, p. C). It is this same natural 
weakness that will cause the outer and upper apices to suffer first 
in blockage of the upper lobe bronchus ; their lobules collapso 
very easily and so lose their residual air. Thus it is sometimes 
possible to see a slight loss of transluccncy, of even, homogeneous 
f j'pe, in the outer iufiia-clavicnlar region quite early in a case of 
carcinoma of the upi*er lobe bronchus. 

We have already learnt how elastic tissue allows expansion of 
the lung, as it responds to muscular stretching throughout the 
bronchial tree, and how it finally confines the c.vtent of such 
expansion by its network terminations round the alveoli. Xeitlier 
action takes place when emphysema is present. Affected parts 
have lost their power of movement, as they are constantly at 
full distension. They can be moved only bodily, being dragged 
by other unaffected lung structures. Hence the heaving, non> 
lateral movement of the lung bases in chronic bronchitis, and the 
permanent liyper-resonanco from constant expansion, which has 
a tympany definitely beyond that of forced inspiration in normal 
tissue. Prolonged expiratory effort is to be exjwcted from tlie 
sufferer ; nature is attempting to force air out of the hlo^rn-out 
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vesicles. We bco wUj: expiration is now equal in length to, or 
longer than, inspiration. 

Blood vessels in the alveoli and in the supporting connective 
tissue of lobules are drau-n out into thin wiry structures, and some 
arc occluded altogether, with two results. First, there is a 
vicioxis circle ; the septa cannot live without blood supply and 
so break .still furtlicr ; second, the narrowed vessels in the alveolar 
walls resist the pulnionarj* circulation and so reflect on the right 
heart and open the way to all the stages up to congestive failure. 
Close inspection of tlie film shows a corresponding change in the 
pulmoimrj' arteries, which arc swollen, and evident much further 
out from the hilum than in the normal film. 

Tlio reason is not far to seek. Such dragging out and occasional 
obliteration of the capillarie.s in the alveolar mills means that less 
blood is open to the residual nir : there is considerable lessening 
of ga.scous interchange ; less chance for the liberation of carbon 
dioxide and its replacement with oxygen. At the same time there 
i.s less movement of the alveoli ; they cannot get the steady 
renewal of residual air. This is the explanation of the cyanosis 
of the chronic bronclutio, and also of the increasing cyanosis in 
the “ broncinal asthmatic.” Ho has the added difllculty of the 
muscular contraction that brings closure of the terminal lumen 
to the acinus. We saw the reason in discussing the muscle fibre 
structure of the bronchial tree : it ends in circular fashion round 
tlie lost rccognisablo lumen at tlxe entrance to the acinus (see 
Fig. 18, p. 10). 

Tlie alterations on the X-ray film of an advanced case are now 
easily visualised. 'The rib intcr-spaccs are widened. The vesicles 
are fewer and larger than normal, so there is an increase of trans- 
luccncy by decrease of strialions duo to their walls. Tlie pul- 
monary’ vessel marlvings arc more in cNidence. As there is less 
venous return the heart is eraaller. The diaphragm is flattened 
as the blown-out vesicles press against it. We can see the cardio- 
plirenic angles opened out, and to percussion w© find much 
decrease in the muscle movement downwards with inspiration. 
The twAwiwd ftftUewwjg pastsfift of Abe wreaeVe, wiAb 

consequent basal stasis of tho accumulated dibris. 
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BRONCHIECTASIS 

Beokcihectasis means a iridening of the bronchial tubes. 
This may occur over a length of the bronchus in the form called 
cj’lindrical, or be localised in the form called saccular. It may be 
“ congenital ” in the sense that it is a complication of a prior 
derelopmental abnormality of the bronchi, but is usually recog- 
nised as being frankly an acquired condition. For its production 
both obstruction of the lumen and infection of the weakened 
walls are necessary. Because of the liability of debris to accumu- 
late by gravity and stasis in the dependent parts of the lungs we 
find that most cases are basal, but it may appear in any part of 
the parenchyma as the result of blockage of its supplving bronchial 
lumen. Where small branchings are thus involved we have 
hronchiolectasis. We shall see that this is a continual aecom- 
jwniment of the grosser form involving the main branches of the 
lower lobes. 

The pathogenesis is most easily understood if it be envisaged 
as a fiirther development of chronic bronchitis, which has become 
ulcerative. After weakening the wall by its chronicity it has 
destroyed all the components of the wall from the epitheliom 
to the muscle and elastic fibres, and has finally penetrated the 
cartilage to infect the surrounding parenchyma. 

By the loss of its muscle the wall can no longer maintain the 
resting-period peristalsis necessary for the renewal of residual air 
to its dependent lobules ; by the loss of its elasticity it can no 
longer elongate with inspiration and recover with expiration. 
The destroyed material of the components in the wall interferes 
with the natural movements of the cilia. The marked increase 
in blood supply brings the same repair effects as we found in 
chronic bronchitis, hut with much more exaggeration ; gross 
cellular infiltration of the walls and the surrounding connective 
tissue leads to considerable fibrosis. This fibrosis by its constric- 
tion interferes with the movement of the bronchi, and by its 
contraction pulls on, and therefore widens, the weakened walls. 
The obliteration of the blood supply derived from the bronchial 
arteries adds to the vicious circle ; they close down by 
endarteritis. 
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Tile effect on the lobulea dependent on the affected bronchi ie 
disastrous. From the first their supply of residual air is lessened. 
Later their supporting septa become involved in the advancing 
fibrosis, and when their supplying broncliioles become occluded 
by the septic material they either collapse if empty, or organise 
if already filled up by exudate. In the chapter on the media- 
stinum we have seen how this reacts on the surrounding lobules 
to produce complementary emphysema, and on the bronchioles 
to produce cavitation ; in other words, we have bronchiolectasia 
around bronchiectasis. 

The physical findings therefore begin as a coarse chronic 
bronchitis. Khonchi are found in both inspiration and expiration, 
because the cilia have gone, and we are left uifch cubical epitbe- 
'• lium. Fibrosis brings a change in breath sounds. The pitch is 
higher, and we notice a gap between the end of inspiration and 
the beginning of expiration over a 
considerable area of long. Thecrepita- 
tions of fibrosis take on a particularly 
insistent character and become more 
and more marked in the first third of 
inspiration. The lung movement is 
hearing because of the increasing 
basal emphysema which gives us also 
an overl^dng note of tympany to percussion. We find however 
that there is anunderljdng note of dullness, and a resistance to 
the pleximetcr finger due to the fibrosis and the organisation of 
the parenchjTna round it. Because the mediastinum is dragged 
and pushed to the diseased side we get a positive stemomastoid 
sign on the same side, if the disease is unilateral. 

The X-ray film can be understood and correlated with these 
fimlings (see Fig. 20, p. 13, and Fig. 48). There arc heavy striations 
towards both bases, due to the increased blood supply and then 
later to the increased connective tissue. At first therefore these 
striations are more or less faithful to the normal branchings of the 
pulmonaty arterj', but as the fibrosis begins to tell there is 
slirinliage of the bronclii into the cardio-phrenic angle. We can 
see them bending inwards, instead of going outwards and down- 
wards. As the opacity increases in the cardio-phrenic angle 
translucency increases in tlie costo-phrenic angle, as this area, 
vacated by the shrinking loner lobe, is being filled in by the 
emphysematous upper lobe. Lipiodol injected at this stage will 
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A. Generalised 6brosIe. 

B. Marked penbronehial 
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show^ how destruction of the trail is bjr now involving the cartilage, 
to produce ill-defined sacculations (see Pig. 49). 

The film of early bronchiectasis, with crowding of the bronchi 
into the cardio-plwenic angle (see pig. 20, p. 13), is rather like that 
of a descending upper sinus infection. This is a very common 
finding, often accompanying an acute antrum trouble. Expert 
opinion on the upper sinuses, including X-ray, sliould, of course, 
be obtained, but the following points may aid in comparing the 
chest films. The film due to upper sinusitis usually shows much 
more homogeneity* in its basal shadows ; we do not get the same 
evidence of fibrosis unless the condition is of very long standing, 
with continued reinfection of the bronchi, when, of course, the 
patient is developing resultant broncliiectasis. Fiirther, the film 
shows a confused shadow of the inner third of the diaphragm 
merging into that in the caxdio-phrenic angle, IVe do not see 
» the lower bronclii curving inwards. We 

are looking at hypenemia of vessels 


.1 .2.3. continuing below the diaphragm. 

' * ^ A Ifwelookat thefilmofbronchiectasis 

. some distance from the 'vie^ving box 

° we shall see that the striations stand out 

A. Lung nbigxi. clearly as well-defined parallel lines, Iiere 

B. Broneliiecusu with lung and there interrupted where the Cartilage 

sbwsa. disappearing. Around them we see 


small opaque and hard-looking shadows, which arc duo to the 
collapsed and organised lobules, well defined because they are 
oflset by others among them nhich have complementary 
emphysema. That is, the disease is extending by bronchiolectasis. 

The nest stage is perforation of the bronchial wall and conse- 
quent extension of tlie sej»is into recognisable areas of parenchyma. 
Its occurrence is heralded by the stethoscope finding of rales, 


which mean that parenchymatous material is entering the 
bronchi (Fig. 50). If we listen critically ne shall find they are in 
the middle tliird of the inspiration, that is, the “ bronchial- 


parenchvmatous ” phase. They rise in intenrity to it from the 
first phase and then tail off in the third. Tliey are due to air 
entering bronchioles into which catarrhal oxudaie is discharging 
from lobules tliat Lave been filled with that first inflammatory 
fluid, nhich is the indication of irritation of their n.all'S. In other 


words they arc the rales of localised lung abscess. 

We can recogiusc tliis exudate on the film. It is the “ <r»lcma ” 
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or juany mliological rt'ports, and is nlwaj's liomogeneous in its 
shadow, having a light lo'is of translucency comparable with that 
thrown by tho inferior vena c.M’A. In this particular instance it 
h seen on tho outer edges of a more opaque and likewise homo- 
geneous shadow, east by lobules tiiat havo passed the stage of 
inflammatory exudation and aro now filled with septic material. 
Wo know it connotes advancing bronchiectasis only because wo 
read with it the characteristic shadow's of fibrosis and organisation 
detailed above. It npt>cnrs with each exacerbation of the disease, 
later gets denser as becoming true septic exudate, and later still 
shows all the non-homogeneous changes of colla2)se and fibrosis. 

Wlint we have now is a ca\ity in tho hroncluis comiecting with 
a ca%nty in the lung : septic bronclu arc continuous with septic 
parenchyma. To all intents and purposes we have in several areas 
vvhat we shall find later is the end-result of a chronic lung abscess 
in one area, where the septic lung has infected the bronchus 
supplying the diseased broncho-pulmonaiy segment. We shall 
find that the rMcs havo taken on a distinctive metaUio, consonating 
quality. Tlieso sounds are now present tljrougliout two-tliirds 
of the inspiration, over a considerable area of tho lung field. 

Lipiodol introduced at this st.ige will demonstrate every step 
of tho destructive process ; hero we shall see only cylindrical 
enlargement : there saccidatlon ; at still another point notliing 
resembling a bronchus, but only a large irregular opaque area rvith 
cotton-« ool edges, which merge with tho finer loss of transluconcy 
that indicates catarrh in irritated lobules. 

Jfcdinstinal shift will be more evident still to both film and phy- 
sical findings. Tlic fingers willshowgrossclubbingofthedrum-stick, 
septic tjqic. Dullness will be much more marked, and tho foul 
sputum will contain tlie elastic fibres of the destroyed parenchyma. 

Broachlolectasis 

We have notetl how bronchiectasis multiplies it-self in the 
minor form of hronchioicctaas by Ibe invoHcmeni of bronebioies. 
Such a condition is almost always a secondary one ; the lumen 
has been blocked, and then infected, by septic material in the 
lobules it Btjpplics, a process which copies the pathogenesis of 
adult tuberculosis. We sliall sec in the next cliapter that its 
common cau&c is primary broncho-pneumonia, which has not 
been able to get rid of its exudate. It is always a fairly localised 
condition, and this helps us to differentiate it as a picture that has 
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elements not dissimilar to those of broncho-pneumonic txiber- 
culosis, where the process is much more widespread into the 
im'd'zones. 

It is not the same condition pathologically or radiologically a.s 
so-called “ bronchiolitis ohliterans.*’ This condition is the end- 
result found with Friedlander’s bacilli and the bacilli of influenza, 
which are carried along the brontdii to the terminal hronchiolcs, 
and thence direct to the lobules they supply. Tliese oiganbins 
seem liable to attack the parencbj^ma directly, not reacliing it 
b}- way of the connective tissue as the pneumococci of pneumonia 
or the streptococci of broncho-pneumonia, as we shall see in the 
next chapter. When their exudate organises in the lobules n e 
get scattered areas, in clumj^ of tiny dense opacities all over 
large areas of one lung, and more usually of both lungs. They 
are really scattered lobular obliteration ” or " disseminated 
focal pneumonia,” and they lead to as widespread complcmentarj’ 
emphysema. Broncliiolectasis is a very uncommon result. Tho 
X-ray is similar to that seen in many cases of blast injur}* of tho 
lungs. 

Since the introduction of mass-radiography tho author has 
seen quite a number of films of this tyj)e. Tlsually the patient is 
quite symptomless ; he may or may not give a historj* of a recent 
cold. Serial films have shown that many clear up completely 
over a shorter or longer period. 

The picture cannot be difiFcrentiated from that seen in patients 
who have inhaled paraffin particles iron long continued nasal 
medication, or firom that seen in several cases of ehipuTeek 
survivors who hare inhaled oil. 
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THE PNEUMONIAS 

The pathogeneses of pneumonia and broncho-pneunionia arc 
fundamentally the same, consisting in the interstitial reaction to 
the infecting organisms. In both diseases the organisms penetrate 
the wall of the bronchus to its surrounding connective tissue, and 
by its lymphatics are carried to the walls of the alveoli, which 
they first irritate, and later penetrate. In this way the pneumo- 
cocci of pneumonia and the streptococci of broncho-pnemuonia 
differ from the bacilli of influenza and Priedlander's bacilli, 
which we have just noted are carried direct to the lobules by their 
supplying terminal bronchioles. 

The connective tissue puts up a poor resistance to the pneumo- 
coccus. In the great majority of cases the organism seems to 
penetrate the wall of a main bronchus, such as that to the right 
lower lobe, close to its origin. It finds no protective barrier 
against its invasion of the parenciiyma and therefore rapidly 
involves the whole lobe. On the other hand, the connective tissue 
puts up an intense resistance, shoum in marlced inflammatory 
Teaction, to the streptococcus, so that it confines the disease to 
patclies of lobules. \Ve can see why lobar pneumonia is a disease 
which spre.ads from the hilum In radial fasliion. Its progress is 
rapid : the invading army is too strong and su-eeps aside any 
slight opposition it may meet. It is possible, however, now and 
again to see an example where pneumonic exudate is already 
developed near the liiluni before the first evidence of inflammatory 
reaction is evident in lobules nearer the periphery. 

The manner of onset explains to us also the manner of clearance 
by either resolution or repmr, which must be again radial from 
the hilum to the periphery. TJic bronclii have a chance to recover 
ftom any slight reaction in their connective tissn© before they 
are called on to deal with the parenchymal exudate, which %vill 
flood them in due course to produce the typical pneumonic 
sputum. This manner of clearance of the disease is an important 
one in differential tliagiio««is by film e.vainination. It is tiio 
oppo.aite to that seen in the so-called “ cpituberculosis ” of 
clnldhood. Serial films uill help us to decide which we nro 
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dealing ivitb. Tlie picture of pneumonia clears rapidly after the 
crisis, but epituberculosis rrill take many -vreeks, even months, 
to resolve, and will leave on the film enlarged and crenated hilnr 
glands and perhaps also a wdl-marked “ Ghon’s focus ” at the 
site of the original infection towards the periphery of the affected 
part. 

Let us try to follow the pathogenesis of a developing pneumonia 
in more detail as we see it on the film. If there is any reaction 
in the connective tissue to the penetration of the bronchial wall 
by the pneumococcus we see increased striations along the lines 
of bronchial branching due to congestion by polymorphs in the 
peribronchial, perivascular and inter-lobular connective tissues. 
These may be evident in the outer zone of the affected lobe while 
its inner area gives a homogeneous Joss of translocency. Tliis 
shadow is of the same type as we found in the extension of sepsis 
from bronchus to parenchyma in advancing bronchiectasis. On 
the outer edge we see the same finer Joss of translucency due to 
the non*specific irritation of alveolar walls. Xearer the hilam we 
iiave the denser shadows of true pneumonic exudate, consisting 
of polymorphs, some large mononuclears and lymphocytes, in a 
serum containing a varying quantity of fibrin dependent on the 
cormectire tissue reaction. The lobules so affected fill quickly 
and distend, and this stretching of their elastic tissue helps them 
to contract later so that they can evacuate the exudate into 
their bronchioles. 

It is fundamental to the understanding of the physiolo^oal 
effects, the X-ray film and the ph\*s5cal signs, to realise that 
when pneumonia is uncomplicated this exudate replaces the 
residual air in every sense. The same physiological action os 
that of residual air remains on the clastic tissue of the bronchi. 
The alveoli are filled to full capacity and the clastic network of 
the alveoli is therefore on stretch just os it would be in full 
inspiration. There is no blockage of terminal broncluoles, and 
therefore rio collapse of Icfeules, and no lesviltant tluft of the 
mediastinum to the side of the disease. The same thing applies to 
uncomplicated broncho-pneumonia and imcomplicatM lung 
abscess, so that they are totally imlike in p.ithogenesis, physio- 
lot»ical effects and physical signs, to both bronchiectasis and adult 
phthisis. Tor these latter are proliferative diseases. They cause 
organisation and collaj^e of lobules, and have from their I^cginning 
associated fibrosis. Tliey will therefore cause the mediastinum 
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to drift towards the part of tho long they affect, eo that v.e shall 
find tho heart and the trachea displaced towards them. 

Once full}’ developed, pneumonia outlines the lobe anatomically, 
and tlie dense homogeneous shadon’ of its exndate remains until 
tho crisis. Tliis being so, the shape and density in any one lobe 
must vary with the sUai)e, and alter wlh the depth of tissue in 
tlio normal lobe, as we saw in our reminders on applied anatomy. 
The right middle lobe must be defined and dense just below tlie 
line of the lesser fi,ssiun, and become more translucent towards 
the lower zone, and unless the lower lobe is also involved we must 
sec a clear area between tho lower limits of loss of translucency 
and the diaphragm, because this area is occupied by the lower 
lobe (see Fig. 22, p. 18). 

In the same way the shadow of lower lobe pneumonia, densest 
in tho lower zone over tlie diaphragm, must lessen steadily upwards 
towards the mid zone. It is sometimes confused with that of 
tuberculous pleural effusion. The phj’siological effects to bo 
expected in those conditions should aid its ; effusion pushes tho 
media-stmum to the opposite side, where wo shall find a positive 
stemo-mostoid sign. If wo look critically at the shadow of tuber- 
culous pleural effusion wo shall see that its peripheral density is far 
less than that of pneumonia, and that we can usually see the ribs 
tlirmighit (SCO Figs. Sand 93, pp. 4ond llC). Its loss of translu- 
coney increases steaiHly towards tl»o midiUe of the lung field, giving 
an imprc.‘«sion of a baud nmiiing from the nsilla downwards and 
inwards to the diapliragm. The effusion is compressing the lung, 
and u e aro looking at the area so compressed when we see this band 
of greater density. Tliis is quite unlike the pneumonic density, 
wliich i.s equal at any one level throughout its e.xtent along a hori- 
zontal line draim between the jieripliery and the mediastinum. 
Here the density must lessen as it goes upwards, as the lobe thins 
out to its lingula ; in other words, there is less and less depth of 
parenchyma to be filled by tbepneumonio e.vudate. 

Moreover, wo sbaii Tememiber ibe fortber aid \x> difiereniiai 
diagnosis. An uncomplicated pleural effusion ivill not blot out 
the vessel markings in the underlying lung but exaggerate them, 
as there is hyperasmia, but pneumonia blots out all normal 
striations and is usually so dense in its shadow that we cannot 
make out the outlines of the ribs. 

The picture of fluid complicating lower lobe pneumonia can 
now be readily visualised, for it combines both pictures. Towards 
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the periphery we shall see the lighter loss of translnconcj- of tlic 
fluid, and through it we can generally see the ribs quite clearlr 
as far as the outer edge of the denser shadow cast bv the pneu- 
monia. Xo lung markings will appear in either shadow. Xow 
the mediastinum will be to the opposite side, whereas it was 
central as long- as the primair pneumonia was uncomplicated. 
Before the fluid developed there was no stemo-mastoid sign : 
now the muscle on the opposite side is under distinct tension. 

From what we have learnt so far it follows that the slight and 
temporary shift, sufficient to be noted by film examination in 
some cases of pneumonia, is due either to overdistension of the 
lohules by their exudate or to an ephemeral blockage of their 
bronchioles. Close inspection of the picture should tell us which 
we are viewing, for the effect of the former will be traction on 
the mediastinum without evidence of coUapee ; the latter \rill 
present accompanying evidence of what has taken place. For 
example, if this has occurred as a complication of right upper 
lobe pneumonia we shall see a distinct lower edge of the density, 
in a sharp line. This is proof that the Hngula of tlie lobe has 
shrunk upwards to the line of the lesser Assure, which becomes 
convex upwards, and is higher than its thin hair*likc streak wo 
can see about the third or fourth interspace on the normal film. 
Furthermore, the uncomplicated pneumonia showed normal blood 
vessel markings in the middle and lower lobes, but now these 
are splayed out in order to supply the emphysematous mid and 
lower lobes. 

To physical s^ns pneumonia gives us dullness due to exudate. 
As the lobular elastic tissue is on full stretch and maintains the 
inspiratory position of the bronchial walls, we hare no movement 
of the affected part. There will therefore be absence of true 
breath sounds, but bronchial breathing will occur, as the air 
entering the main lobar bronchus at its origin is conducted 
through the consolidation which acts as a sounding board. 

The method of dearance of the pneumonias and the rapidity of 
the process is a fortunate affair for the patient. Considering all 
the X)Ossibflities of complication, we may well marvel that we see 
60 few cases of resulting fibrc»a<, for the peribronchial and peri- 
vascular tissues, so recently recoveiwl from their initial reaction 
to the invading orgamsms, have now to deal with Ij-mphocytes 
and plasma cells. Tliese again produce strialions on the film, 
and they can remain for a considerable time. They sliould not 
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lead us to give a bad prognosis, by reading them ns evidence of 
fibrosLs, unless wc find they are accompanied by the characteristic 
crepitations of tliis condition. But they can produce fibrosis, as 
we shall discuss in more detail later. 


Tlie fibrinous exudate in the lobules is coughed up or absorbed 
after being liquefied by a proteoljdic ferment supplied by its 
accompanying polymorphs. It is because of tliis liquefaction 
that ue hear the so-called “ redux crepitations ” of pneumonia. 
If we listen to them criticaDy ue slmll find that they are really 
sticky sounds at the veij’ end of inspiration, and arc rales rather 
than crepitations. We are hearing air entering the alveoli through 
the exudate which is no^^• discharging into terminal bronchioles 
{sec Fig. ol). 

It may he that poor supply of polymorplis in the exudate is 
the h.asic cause in those cases that go on to fibrosis ; capillaries 
have time to enter it before It is liquefied. 

In any case wo do know that fibroblasts rIues 


replace the fibrin, passing through the 
alveolar nwlls and from lobule to lobule, 
causing organisation of the exudate that 
rciirains, and consequent shrinkage col- 



lapse. Although others around these 
lobules are bound to show some comple- 
mentary emphysema there will be shift of 


Fio. 51. 

A. PtieumQu&. 

B. Bronclio-pQCumoiu'ai 


the mediastinum to the affected side : normal imaffected tissue is 


being dragged over by the intra-pleural pressure. Chronic 
interstitial pneumonia, as it is called, is therefore e.xaggerated 
repair tissue. It is usually found in one lung, and we can see 
how it differs from the fibrosis of chronic bronchitis due to 


bilateral long-standing hypenemia, because this latter is a peri- 
bronchial tissue increase, not an inter-lobular one. If it is very 
severe it can crush the supplying bronchioles and give us 
scattered areas of lobular collapse, which is not an unusual 
finding. 

It follows that the X-ray of clirouic interstitial pneumonia 
ivill show the ribs on the affected side closer together than normal, 
and that the diaphragm n-ill be higher than normal, while the 
heart and mediastinum will have drifted towards the fibrosed 


lung. Tliroughout the diseased lung will be strands of fibrosis, 
which have no distribution corresponding with that of the normal 
blood supply. These will be more prominent on distant viewing, 
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and Tdll be seen to have scattered amonj them nodubr-like 
shadoTTs, Trhich are cast by orgatuscd bunches of alveoli. 

Auscultation uill give us mdespread aepitations Trhich reach 
their loudest point touurds the end of inspiration, as they are 
parenchymatous in o rimn. 

TJiis condition is quite unlike the results of the “ pnenmonb of 
the neu-'bom,” because here atelectasis is a preceding cntitv; 
the lobules never opened at all, which is necessarily a different 
condition from acquired colbpse. It is also quite unlike so-called 
“ post-operative pneumonia,” which is not pneumonia, bnt a 
pmely bronchial disease. A sudden thick, sticky exudate from 
the wall blocks the lumen, with the same dramatic effect seen with 
an inhaled foreign body. Keddual air cannot be renwed ; the 
parenchyma colbpses, and there is no obstacle to the action of 
the intra-pleuial pressure on a lobe that perforce must shrink to 
its main hronchus at the hilum. Screening the patient or taking 
two Elms, one on complete inspiration and the other on complete 
expiration, will show ua what never happens in ordinary pneumo- 
coccal pneumonia : a swing of the colbpsed lobe, the heart, and 
the mediastinum, with each inspiration, to the affected side. 
There will be some recovery with each expiration, but still a 
displaced mediastinum, which will be shown by the positiro 
stemo-mastoid sign even if it be imp<»sib!e to demonstrate by 
the position of the apex beat. If the glutinous material is not 
■ cleared out by postural drainage or bronchoscopie snetion the 
consequences can be very serious. Organisation can lead to 
every stage of bronchiectasis, the same cnd-nsxzlt so often seen 
in the “pneumonia of the new-born.” To this last condition 
the name “ congenital bronchiectasis ” may be appb'ed ; with its 
atelectasis, present from birth, there is often mal-devclopnient of 
bronchi, so that cysts are frequently found, and these the super- 
imposed infection turns into sumps of septic material to add to 
the bronchiectatic end-result, 

F^m what has been said of the pathogenesis of pneumonia the 
possibility of localised forms can be easily envisaged. The orga- 
nisms travel some way along the main bronchus before piercing 
the wall of one branch. This is comparatively common in the 
pneumonia of childhood, which gives in one of its forms the 
so-called “ hilar pneumonia,” by involving the posterior horirontal 
branch of the right lower lobe bronchus. It is not uncommon to 
find in an adult that only the pectoral or the axillary branch of 
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and mil be seen to liave scattered among them nodular-like 
shadows, which are east by organised bunches of alveoli. 

Anscultation ndll give us widespread crepitations wliich reach 
their loudest point towards the end of inspiration, as they are 
parenchymatous in origin. 

Tliis condition is quite unlike the results of the “ pneumonia of 
the new-born,” because here atelectasis is a preening entity; 
the lobules never opened at all, which is necessarilv a different 
condition from acquired collapse. It is also quite unlike so-called 
” post -operative pneumonia,” which is not pneumonia, but a 
purely bronchial disease. A sudden thick, sticky exudate from 
the wall blocks the lumen, with the same dramatic effect seen with 
an inhaled foreign body. Keaidnal air cannot be renwed ; the 
parenchyma collapses, and there is no obstacle to the action of 
the intra-pleural pressure on a lobe that perforce must shrink to 
its main bronchus at the hilnm. Screening the patient or taking 
two films, one on complete Inspiration and the other on complete 
expiration, will show us what never happens in ordinary pneumo- 
coccal pneumonia : a swing of the coUapeed Jobe, the heart, and 
the mediastinom, with each inspiration, to the affected side. 
There will be some recovery with each expiration, but still a 
displaced mediastinum, which wUl be shown by the positive 
stemo-mastoid sign even if it be impossible to demonstrate by 
the position of the apex beat. If the glutinous material is not 
•‘eleared out by postural drainage or hronclioscopie suction the 
consequences can be very serious. Oiganisation can lead to 
every stage of bronchiectasis, the same end-result so often seen 
in the “pneumonia of the new-born.” To this Last condition 
the name “ congenital bronchiectasis ” may be applied ; with its 
atelecta-sis, present from birth, there is often mal-development of 
bronchi, so that cysts are frequently found, and these tlxe super- 
imposed infection turns into sumps of septic material to add to 
the bronchiectatic end-result. 

From what has been said of the pathogenesis of pneumonia the 
possibility of localised forms can be easily envisaged. The orga- 
nisms travel some way along the main bronchus before piercing 
the wall of one branch. This is comparatively common in the 
pneumonia of childhood, which gives in one of its forms the 
so-called “ hilar pnemnooia,” by involving the posterior horizontal 
branch of the right lower lobe bronchus. It is not uncommon to 
find in an adult that only the pectoral or the axillary branch of 
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the right upper lobe bronchus has been affected, so that v>-c see 
on the film that triangular shadow of the cone of parenchyma 
already referred to in the section on applied anatomy (sec Fig. 0, 
p, 6 and Fig. 52). The development of the disease is just the 
same as in lobar pneumonia : it spreads outwards from the point 
at wlUch the bacilli penetrated the bronchial wall, so that all tJie 
segment of lung supplied by that bronchus is involved. 

Tlie shadow cast by these localised pneumonias is never really 
Uhe that of tuberculosis with which it is usually considered in 
differential dkgnosis. Both may give a triangvdar loss of 
translucency in the outer axillary region of the right upper lobe, 
the pneumonic one being due to involvement of the axillary 
branch of the main bronchus, while the tuberculous one is due to a 
tuberculous deposit in the periphery of the outer base of the 
upper lobe : that is, commonly just above the peripheral end of 
the lesser fissure. Both cause thickening of the fissure. Both 
can show abnormal films for a long time after onset, because 
localised pneumonia tends to heal by repair rather than by 
resolution. If, however, we look critically at serial films, 
we shall find that the tuberculous shadow always has its main 
continuing density against the periphery, os it is essentially a 
parenchymatous disease ; the bronchi ore involved only second- 
arily at all stages. This is not so with the localised pneumonia 
healing by repair the main density is now at the apex of the 
triangle, that fa, round the supplying bronchus at its entrance. 
Secondary involvement of bronclii in tubercle is at the site of 
the deposit ; there the bronchi dilate steadily until, in most 
cases, definite cavitation fa seen. 

Another shadow that may take considerable time to clear after 
pneuraoni.i is that of the exudate oii the pleura, especially if the 
interlobar pleura has been affected. In all cases there is a tnie 
pneumonic exudation on the visceral layer, and this cause.s 
adhesion to the inflamed parietal layer ; movement by inspiration 
therefore causes sharp, stabbing pain. Liquefaction usually 
leads to rapid absorption, but we have already noted how absorp- 
tion may take a long time in the costo-phrenic angle and in the 
interlobar fissure, so that we get filling of the costo-phrenic 
angles and tenting of the diaphragm, that are permanent, but of 
no clinical import. In the same waj’ the lesser fissure may be 
thickened for a considerable period after a partial pneumonia 
(see Figs. 54 and 55). 
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Broncho-pneumonia 

Broncho-pneumonia, as already stated, may be considerct! r 
consisting of localised patches of pneumonia, confined by lit 
strong resistance of the peribronchial connective tissue, wliici 
limits the disease to hunches of lobules. It is commonly bilatcr,. . 
from its onset, but it may be completely unilateral, or dcvcloj 
on one side later than the other. It is usually in the lower lobes 
but is not uncommon in the right middle lobe. 

Its progress can be followed on the postero-antcrior film, 
which demonstrates shadows that begin near the canhac border'- 
and increase in size and in spread along the bronchial distribution, 
so that they go downwards and outwards in lower lobe involve- 
ment, and almost horizontally outwards in middle lobe disease (see 
Figs. 5G and 57). The involved areas sho\\’ ' 
the same homogeneous Josses of translucency 
as we saw in pneumonia, only now they arc 
in their greater densities triangular in shape, 
particubrly in the middle lobe, as the lobules 
are pictured along the side of their cone- 
shaped broncho-pulmonarj* segments (sec 
Fig. 58). The lobules involved by pneumonic 
exudate are never entirely discrete, because 
they have romid them those showing the 
first inflammatory, non-specific, catarrhal 
exudate- There is no sliift of tlic me<lia- 
stinum. 

Fxo. 57. Broncho- picture is therefore in two charac- 

teristics unlike that of broncho-pneumonic 
phtliisis. Firstly, this disease is fibro-caseous and will show clear- 
cut areas of acinar collapse among others with complementaiy 
emphysema, in spite of the fact that both conditions may have 
surroimding cedematous shadows. Tluswillbequiteevidcntifwe 
look at the films at some distance fitjm the viewing box, when 
the shadows of streptococcal broncho-pneumonia will be no 
more evident, but those of tuberculous broncho-pneumonia will 
become much more clearly cut. Secondly, there will alwa\-s be 
some collapse, and therefore some displacement of the medi- 
astinum, with phthisis, and if this is not dear to X-ray it will 
be to phvsical examination. 

The pliysica! findings can be explained by the pathogenesis 
and the X-ray picture. We shall fmd patchy areas of silence 
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over lobules filled to tUstciiMon with pner\raouic exudate, and 
immediately the disease is fully developed we shall get signs of 
this cxiidate entering the tennina) bronchioles. The lobo involved 
is never, of course, completely silent : there are parts which 
have escaped altogether, and others where only inflammatory' 
exudate occupies lobules still maintaining some airway. If we 
listen carefiUly we hear ratlier bubbly rfiles in the mid-third of 
inspiration, because this exudate is discharging into tenninal 
bronchioles (see Fig, Cl, p. 77). This is a distinctive stcthoscopic 
finding throughout the clinical illness, the only difference being 
that the rales get more marked as the pneumoiuc exudate 
liquefies. 

The dullness will naturally be much less than that of pneumonia 
as the involvement is patchy, hut there unll be distinct lack of 
movement laterally in cases wljere the lower lobes are diseased. 

By reason of the much more intense connective tissue reaction 
many cases proceed to small areas of atelectasis. The increased 
tissue naturally gathers round the terminal bronchioles of the 
affected lobules. This interferes with the natural movements of 
the bronchioles in response to respiratory action ; that is, their 
muscle fibre action is inliibitcd. Their elastic tissue reaction, 
which is dependent on the stretching of the alveoli to residual air, 
is already interfered with, since the alveoli are fi.ted at full expan- 
sion by the e.xudate in them. When the disease tries to resolve, 
these bronchioles are therefore caught at a distinct disadvantage. 
They liave no time to recover from this initial irritation of their 
surrounding connective tissue before they are flooded by lympho- 
cjdes and plasma cells ihim the exudate, now trying to escape 
from the alveoli as resolution sets in. We have now irritation of 
the inner wall of the bronchioles added to their cormoctive tissue 
irritation on their outer walls. Hiey arc, therefore, all too easily 
blocked, so that alveoli that have managed to empty go on to 
collapse, while those still contaiiung e.v\idatc go on to organisation 
(‘wt'C 'E'iig. 40., p.. OSV 

We can see, therefore, the inlierent danger of too early move- 
ment, perhaps advised by the belief that modern methods of 
treatment, by reducing temperature, liave brought resolution. 
If tliis is dangerous in lobar pneumonia it is much more dangerous 
in broncho-pneumonia. If the bronchioles do not empty, their 
walls weaken, and the way is open to hronchiolectasLs and later to 
bronchiectasis. 


CUtST EXAHniTlOf. 



82 


TEE PSEEMOyiAS 


This is espCKrially possible ih right middle lobe tlisoase. We 
have ahead}' noted that its main bronchus goes out almost 
horizontally from the right main bronchus. It is therefore 
difficult to drain. If it goes on to blockage in its terminal bron- 
chioles rre hare a slowly changing picture and accompanying 
changes in physical signs. The areas that on prerions di^ant 
yievring merged with their sniroimding catarrhal, inflammatory 
exudate, now stand out with the clarity of broncho-pnemnonic 
phthisis, with which we may confuse them because of the accom- 
panying shift of the mediastinum. We shall note, howeyer, that 
they are confined to lateral densities in one area of the lower 
mid zone, as against the widespread distribution of tuberculous 
broncho-pneumonia, and ^that they hare always a much more 
exaggerated peribronchial fibioris. A lateral film would show us 
how much more the lesser fissure shares in this fibrosis than it 
does in phthisis, and, of course, the general condition, and the 
lower and less-swinging temperature will be a further aid. Both 
conditions will of course give ns the crepitations of fibrosis, but 
they will be much more localised, and definitely coarser and' more 
insistent in complicated streptococcal broncho-pneumoms. Many 
cas^ seem to go on to simple fibrosis in the lower mid zone : 
indeed the fortunate patient may escape further clinical upect ; 
but many go on to slowly increasing broncbiolectasis and to 
established and progressiye bronchiectasfr. This is a common 
end-result, long afterwards, by superimposed infections. 

Tlie patient may for a long time be unaware of what has 
happened. Mass-radiography has shown that many apparently 
completely recoyered cases of middle lobe broncho-pneumonia 
hare been left with much fibrosis. Tlje X-rays sbomi in Figs. 59 
and GO are an example. TIic first demonstrates a loss of tran**- 
lucency in the right lower mid zone. The patient had signs of 
fibrosis in this area. The lordotic picture shows how the middle 
lobe has shrunk rery considerably. Lipicxlol later proved the 
presence of broncliiectasis. 

An important jMsint to remember is that ererj' case of broncho- 
pneumonia causes marked increase in hilar shadows because of 
tbe intense hypenemia of its resistance ; the hilar gbnds .nbo 
swell with redema. Tliis hilar increa.se takes a long time to clear 
up, and tills is e.spccially noted with the usual typo of scoh'osis 
which bring* the left liilum into prominence. Tliere is t!ic possi- 
bility of a grave diagnosis of !ocalL*«l ghndular dbease, but the 
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swelling soliloni of the extent of Hodgkin’s <liseape, nnd the 
swing of the Pcl-Kbstcin fever, and the blood count, will be further 
akl'* in doubtful cases. TJic enlargement remains long after the 
patient is clinically well. 



CHAPTER XIV 
ATELECTASIS 

Ik dealing xrith tUis condition, which may be defined as 
collapse of parenchyma tlirough loss of residual air, wo shall 
confine oxir discussion to the acquired form due to obstruction of 
the lumen supplying a broneho-pulnionai^’ area. This may occnr 
by something inside the bronchus, such as a growth or inhaled 
foreign body, blood, mucos or granulation tissue ; or by some- 
thing pressing on the wall of the bronchus, such as an enlaiged 
gland or tumour formation. As we saw in our studies of apph'ed 
anatomy, and in the description of post-broncbo-pneumonic 
atelectasis in the right middle lobe, the size of the affected cone 
depends on the size of the broncbja) lumen. The same we shall 
find to be true in the secondary results of blockage of the tenninal 
respiratory bronchiole in adult phthisis, where granulation tissue 
enters it from the primary acinar deposit. If a main bronchus is 
occluded, os in “ post-operative pneumonia,” then the whole 
lobe collapses, since the residual air to every terminal alveolus is 
absorbed. 

In such a condition oxygen is first absorbed by the capUkries 
in the alveolar mills, and we get on the film a fine loss of trans- 
lucency. We cannot see this taking pbce in the small atelectatic 
areas of bronchiectasis or complicated broncho-pneumonia, hut 
we can follow it quite easily where a whole lobe is shutting down, 
and we shall ahvays find this slight homogeneous shadow beginning 
in the least supported areas of parenchyma. Thus in the upper 
lobe it will occur first in the outer apex, and in the lower lobe 
along the anterior basal margin ; we saw the reason in discussing 
structural supjwrt under our considerations of applied anatomy ; 
these areas are dependent almost completely for their normal 
position on their residual air, and have hut little support from 
their scaffolding of connective tissue. Later the nitrogen is 
absorbed, and the shadow, while still homogeneous, becomes 
definitely more dense. 

"Dp to the time when such density covers the whole of the 
affected lobe it may be possible, in tho<»e cases that are due to 
carcinoma of the bronchus, to differentiate on the film the heavy 
opacity of the actual growth near the liilmii, ne\t to it tlie sHgiitly 
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less opacity of those areas already completely coDnpsecl, and 
towards the periphe:^ the finer loss of translucency of early 
collapse. We have here a characteristic “ whitewash brush ” film 
{see Figs. 01 and 62). It looks as if the brush had been applied 
heavily over the point of entry of the hronclius, and then, as it 
was swept outwards towards the periphery, had been prc-s-sed with 
continuing less forco. Iho apex of the broncho-pulmonary area 
is densest ; its base least dense. Later, ns the lobe becomes 
smaller by shrinicage, and is followed up by its proximal lobo 
which develops, part pasiu, its complementary emphysema, the 
interlobar fissure rises, and the density becomes throughout equal 
to that of the causative growdli, which indeed in most cases has 
by this time extended by its cells, or Us mucinous exudate, into 
a considerable portion of the 
surrounding parenchyma. In 
many there appears by now 
the further complication of 
abscess, bringing a more or 
less ceiitral area of trans- 
lucency. 

From the beginning there 
will be lack of movement, and 
dullness MU deepen with in- 
creasing involvement of the 
groMh. The mediastinum 
will drift to the same side. 

Wc filial! find the evidence of Fio. Ol. Carcinoma Jeft upper lobo 
shrinkage in alteration of the 
normal lesser fissure or the 

appearance of the greater fissure on the postero-antcrior film, 
and in the change in blood supply striations in those parts of tlio 
lung that arc blown out 1^ complementary emphj'scma. Lateral 
films are of particular assistance, as we have already noted, in all 
conditions effecting change in size and shape of lobes. 

It follous that the dullness of coUap'K) must bo accompanied by 
tho t 3 Tnpany of emphysema. This is why broncho-pneumonia 
and its complication of terminal bronchiole blockage never give 
over-all dullness, and why witli the dead dullness of the collapsed 
right upper lobo wo find marked tympauj' in the coinpcnsatoiy 
distension of tho middle and lower lobes. 

Bronchial breathing may be very marked just sJiort'of the 
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actual growth at the origin of the affected bronchus. Added 
sounds inside the collapsed lobe do not present invariable in the 
upper lobes unless there is damming back of secretion and the 
complication of abscess is superimposed. Once the extension 
of growth begins to press on the bronchos to a lower lobe we get, 
bevond this second bronchus, a very high-pitched musical sibilns 
&om air passing the obstruction, a.s in the production of an 
instrumental whistle. Its appearance is of grave import. 

The meet constant sign of collapse in all its forms is the sfemo- 
mastoid sign, which is always positive on the affected side. In 
the difficulties of differential diagnosis it is a much more reliable 
finding that any other single aid, even including comparison of 
films on complete in^iration and complete expiration. VTe have 
already noted how the trachea reacts to changes in normal lung 
elasticity, the shrinkage of the affected part leaving the remaining 
normal tissue open to both increased pull on the same side and 
increased push from the other. TVhile this tracheal reaction is 
constant, the position of the heart is variable, for as we saw, its 
greatMt weight is in the lower mediastinum, and it wiD react only 
to lower zone disease or complete unilateral disease. Even then 
it is unwilling to respond to anything minor in force ; it will 
swing on its long avis and can be pushed backwards by the 
emphysema of the opposite side before it has moved bodily and 
lateraUy to the affected side. While it must certainly alwaj-s be 
located by palpation and by stethoscope, the position of the apev 
beat in collapse may be a misleading sign. Even to scrccnexam- 
ination the heart may show no definite shift with inspiration 
if the diseased area is above the origin of the aorta. These tc^ts 
we shall see apph'ed in more detail in considering atclecta-sis 
of individual lobes. 

Upper Lobe Atelectasis (see Fig. GJ) 

The commonest cause is carcinoma of the bronchus. It is here 
we see best demonstrated the “whitewash brush ” effect on the 
film, although the very first evidence of interference irjth residual 
air may appear in a fine loss of transluecncy in the outer infra- 
clavicular region. Quite early wq can see the accessory signs in 
shift of the trachea and the me^astinmn to the affected side, .and 
in the upward shrinkage of the interlobar fissure on to which the 
thin triangular lingula retreats steadily. Tlie interlobar fissure 
becomes more and more evident because the rays are passing 
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tliroiigh more find more tbsuc ; it has added to it all the tissue of 
tlie retracting lingula of the lote. These findings are always more 
easily recognised on the right as against the left side, as the shadow 
of the upper right cardiac border is made in great part by tho 
inovablo superior vena cava, usually less well confined than 
other mediastinal structures by the surrounding areolar tissue. 
The heart does not move much in the lower two-thirds of its 
extent, and so there may ho no appreciable change in the position 
of the apex beat to palpation or auscultation even uith con- 
siderable shrinkage of the upper lobe. 

It is quite possible that in its early stages the film can resemble 
that of a developing pneumococcal pneumonia, although tempera- 
ture, symptoms, and tho examination of serial films should help 
U3 to avoid misinterpretation, and wo know that an imcomplicatcd 
pneumonia does not produce mediastinal shift. A lateral rfim will 
aid us because we shall seo the retraction of tho lobe on to tho 
inner end of the lesser fissure in a momier never displayed with 
developing pneumonia. Further, we shall find that while 
pneumonia gives a dullness both anteriorly and posteriorly, that 
of coUapso is always anterior and below the inner end of the 
collar-bone, i.e., at the site of origin of the bronchus. 

Tho diflerence in site of dullness Is of distinct help if the 
diagnosis is against upper lobe “ pneumonic ” phthisis ; here tho 
dullness is posterior, as tubercle in adult form is a posterior 
disease, inclined to attack parenchyma supplied by dorsally- 
inclined branches of tho bronchial tree. Again, tuberculous is a 
parenchymatous disease in its pathogenesU, not a bronchial 
disease, and the greatest density in its picture is noted below the 
middle third of the collar-bone and not over tho site of tho 
entrance of tho main bronchus. 

Right Middle Lobe Atelectasis 

We noted when dealing with right middle lobe broncho- 
pneumonia that the dangers of inefficient bronchial blockage are 
consitlei^ble, owing to the angle at which tho main lobar bronchus 
comes oil the right bifurcation. Post-pneumonic collapse by viscid 
sputum is very common, and occurs in many cases with perhaps 
little immediate, but grave after-effects. It can come on quite 
suddenly or very slowly. In tho latter case tho pain has a 
characteristic position along n band below tho right nipple, coming 
in waves of intensity up to a pitch of severe discomfort. 
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The postcro-anterior film gives a shadow outlining the Jobe, 
heaviest along the line of the lesser fissure and lessening to an area 
of transJucency above the diaphragm in spite of the fact that 
this muscle rises towards its position of expiration against the 
emphysema of tlie lower lobe (see Figs. 63 and 64). The 
lateral film is characteristic and unlike that of any other 
disease. It is almost always of the '* whifewash-hrush ” type, 
dense at the entrance of the bronchus and fading foi\ard its 
base. Tlie upper side of the triangle is along a line beginning at 
the junction of the middle and lower thirds of the mediastinum 
and going horizontally outwards to the posterior aspect of the 
sternum. The inner side of the triangle goes downwards and 
outwards to a point near the middle of the dLaphragm (see Fig. 65). 
Tlie case demonstrated in Pig. 64, was one of collapse due to 
benign tumour of the middle lobe bronchus : the growth was 
removed through a bronchoscope. 

The lateral film of collapsed middle lobe con cause difiiculty in 
diagnosis as against effusion in the lesser fissure. TIic upper 
border of the fiuid is seldom stra%bt as in collapse : it is inclined 
to bulge upwards in convex fashion, and even if it is convex down- 
wards, because the fluid is now encysted, we do not get evidence 
of emphysema in other parts of the lung. Physical signs should 
also help. The fluid will be encysted, dense, and restricted in arcs 
before it causes drift of the mediastinum towards it, and it will 


not give us the marked tympany of complementary* emphysema 
which is bound to accompany collapse (see Fig. 66). 

a The swing of the hc.irt to the affected 
side by inspiration is more marked in 
middle lobe than that found in upper 
lobe collapse. The two characteristics to 
physical examination are the positive 
stemo-mastoid sign, and dullness which is 
anterior in the lower mid zone, Tlie 
emphysematous lower lobe gives definite 
posterior tympany. * 

The only other condition giving such 
marked anterior dullness is fluid in the main 
interlobar fissure, but its films antcro-|»a®- 
terior, lordotic and lateral are cnlircly 
Fio. 67. PJeurisj* different, the first showing a los.s of translu- 
ceniy ritting above the diaphragm like that 
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of pleiimy frccoudnrj' to a sub-phrenic abscess, the lordotic 
a tcnt-IilvO shadow ■nith its base over the diaphragm, and the 
lateral a density between the cardiac shadow and the diapliragm 
(SCO Figs. C7 and C8, and Fig. C5, p, 79). 

As already noted, many cases of post-broncho-pncumonic col- 
lapse of the middle lobe can |>a.s3 unrecognised at the time of the 
clinical illness, as there is much less upset in pulse and temperature 
than occurs in the average case of lower lobe “ post-pi\cutnonie " 
collapse. Only considerably later, after what then appears to have 
been a rather protracted convalescence, docs tho patient complain 
of dragging pain ; full investigation, including Hpiodol injection, 
cororaonly aho\%‘s considerable dilatation of tho bronchi. Jlron- 
chiecta.sis is b}' no means raro, sometimes by super-impased 
infection, but often only by the continuing effects of the collapse, 
which has led to abscess formation by the damming back of tho 
exudate. 

This type of ca.so often presents one of tho most diHicult prob- 
lems of diflerontial diagnosis, because tho abscess almost alwaj-s 
produces the complication of a frank pleurisy, with tho danger of 
consequent empyema. We are now presented \nth a condition 
wliich is all too easily read osa pleural effusion. Fortunately tho 
tracheal displacement in response to atelectasis is always more 
marked tlian tho pressure of tho fluid ; in other words, tho 
sterno-mastoid sign remains positive on tho right. The uTiter 
has seen several cases ^vhero this was the main indication to the 
true diagnosis. It is of course taken for granted that all other 
clinical aids, including needling, wll bo employed for every 
ultimate diagnosis. 

Lower Lobe Atelectasis (see Figs, CO, 70, 71 and 72) 

The commonest types result from pneumonia, broncho- 
pneumonia, '* post-operative pneumonia,” and now gro^vth of 
the bronchus. Of these the most sudden in onset, and the most 
massive in result, is the ” post-operative,” due, as •we have already 
noted, to tho formation of a glutinous exudate on the wall of the 
main bronchus. The pneumonic and broncho-pneumonic ones 
are usually slower in development, and therefore appro.ximate to 
the slower shrinlcage seen in bronchial carcinoma. 

The characteristic shadows of the preceding pneumonia has 
been described, and the changes in broncho-pneumonia wliich 
goes on to lobular and lobar collapse have been detailed. In 
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pneumonia there has usually been considerable progress town 
recovery, ^vith clearance of the homogeneons density, from 
crisis in temperature, before the complication occurs. Wi 
collapse sets in by blockage of the main bronchus by a plug 
sputum, the film goes through a series of alterations similar 
those seen in both post-operative pneumonia and broncli 
carcinoma : that is, density begins again at the hilum. 

It is essential to remember that the same picture can resi 
from abscess and from tuberculosis, at the apex of the lo’ 
(see Fig. 15, p. 8). Radiography can fail altogether to gi\ 
the true cause of what is seen. It may have been jx^sible 1 
follow the developing collapse from a rounded opacity close t 



Fig. 69. Loirerlobe Flo. 70. Low lobe Fro, 71. Lower lobe atelect&a 
atelectasis, Stage I, atelectasis. Stage n. Stage HI. 


the hilum, but usually one sees only a partial collapse in the fir 
X-ray, the apex of the lung being already hiddeu in the hil.i4 
shadow. Full clinical and bacteriological investigation, and 
serial X-rays, must be considered in every case. 

Three stages of lower lobe collapse may be detailed ; early, 
half, and complete collapse. AU tliree hove the Jiomogeneous 
type of shadow *, that is, it may alter in density but not in 
smoothness throughout its extent, no part of it, but only the 
whole, standing out on distant vie\ri«g, as the concurrent 
emphysema is outside the boundarj* of tlie affected lobe. All 
tlu^ stages have the same upper point to their loss of trans- 
luccncy. Tliis lies at the upper limit of the ventricular or ouriciilar 
shadow on the cardiac bonier; left- and r^ht-s!de<I cases are 
ciroilnr in this apical hilar limit to their triaiigdar shape. 



Fio. "3. Squat heart. Cotnparo Fig. "3. 
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Tlie first stage shows a loss of tmnslucency diminishing ih>m 
this point do^vn^TaTds and outwards to the periphery, the upper 
border being made by the interlobar fissure. It will be realised 
from the anatomy of the lobe that this means that its apes 
has already undergone a considerable fall through shrinkage 
of the triangular lingula, and this we would expect, as the lingula, 
being thin, has less structural support, as well, necessarily, as 
less residual air for absorption. The blood vessels of the partially 
collapsed lobe are crowded towards the mediastinum, which is 
displaced to the side of the lesion. With this the most marked 
change in phj’sical signs is the sharp tension of the sterno-mastoid 
on the same side ; it was unaffected by imeomplicated pneumo- 
nia. At the same time we note that the dullness, which had been 
clearing both anteriorly and posteriorly, is now again marked 
posteriorly ; this is because the lung shrinks downwards and 
backwards as well as in\pard3. TJie last two movements tend to 
make the heart awing on its axis : thus in right lower lobe 
collapse the right lower border recedes and the left lower border 
comes fonrards and to the right. Tl>e apex beat may therefore 
bo but little disturbed from the normal, and is not a reliable 
aid to the diagnosis. The swing of the heart on inspiration to the 
affected side ^ri]l be quite evident to screen examination. 

In the second stage the shadow is much more dense ; it's outer 
border goes downwards and outwards towards the mid-point of 
the diaphiagm on the affected side. So dense is the shadow that 
it appears to be continuous with, and equal to, the heaviest 
density of the heart shadow towards its mid-iKJint. There is 
therefore total obliteration of the cardio-phrenic angle. It follow 
tliat this shadow ought not to be confused mth that of a “ squat 
heart ” in cas^ of left lower lobe collapse. True, the diaphragm 
is liigher than normal in both conditions, due to lobar shrinkage 
in collapse, and to its being pushed up by abdominal fat in the 
case of the “ squat heart,” but the shadow is essentially different 
(see Fig. 73). 

Moreover, there are further film and physical findings which are 
conclusive. Collapse, as we noted, must bring emphysema ; 
in this case it is in the costo-phrenie angle, where we can see 
marked loss of normal lung markings on the film, while in the 
upper and mid zones we find the vessel -markings splayed out 
much more radially than in the nonuak There will therefore 
be marked tympany in the axilla, off-setting the increasing 
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dullness in the loTi-er inner third posteriorly, and wc shall Iiear 
the blowing breath sounds from the bronchus over its point 
of entrj' near the eighth or ninth dorsal vertebra, because the 
collapsed long is acting as a soimding board. 

The third stage is shoTrn on the film as a very dense area, 
heavier than that of the cardiac border, rather lit-p a collapsing 
toy balloon with its neck attached at the upper cardiac border. 
On the right side its outer edge is usually concurrent m’th the 
right cardiac border on the postero-anterior film, while on the 
left side it lies within it (see Fig. 74). It is in such ca^es in 
particular that the complementary emphysema may be the only 
indication of abnormalitj’. By this stage there is emphjfcnia on 
the opposite as well as on the affected side, and this has an im- 
portant bearing on physical findings. We have learnt earlier tlhit 
the mediastinum is one continuous whole, not a structure with right 
and left sides. As one side of the thorax shrinks, therefore, tijo 
mediastinum drifts as a whole. In collapse of the right lou-er lobe 
with drift of the mediastinum to the right, there is also drift to the 
right of the left lower lobe, which by emphysema attempts to fill 
the vacated space. This it does by occup}Tng the lower anterior 
mediastinum, and in doing so it must perforce overlap the anterior 
surface of the heart, pushing it backwards. We hare therefore 
seen two reasons why the heart swings and goes backwards rather 
than move to the side of the atelectasis during conditions of 
respiratory rest. Herein lies the reason why we get, with complete 
collapse, anterior dullness in the affected cardio-phrenic angle ; 
we are percussing the heart pressed back to be continuous in 
note with the much shrunk lower lobe. All over the remainder 
of the lung, and particvdarly in the lower axillary zone, wc shall 
find marked tympany. * 

If, however, we screen the patient or take two pictures, one on 
complete inspiration and the second on complete expiration, we 
shall see the effect of the strengthened intra-pleural puU on the 
affected side, for the heart coracs well over with each inspiration. 
This finding, combined with a tense stemo-mastoid muscle, will 
aid us in diagnosis, hut we shall find the latter the better help if 
the patient has the complication of fluid in the pleural cavity, 
for this will undo the tendency to awing ; it has brought the sub- 
atmospheric pressure nearer to atmospheric or above it. Tiie 
muscle tension still remains ; the pull on the trachea by the 
uncollapsed parenchyma is still present. If therefore we find a 
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patient M’lio is dull all over the lower half of his chest, both front and 
back and in the axilla, on the left side, and still has a tense left 
Bterno-mastoid, he canjiot have uncomplicated pneumonia because 
pneiimonia do{» not movo the mediastinum ; equally he cannot 
have left lower lobe pneumonia with pleural efiusion because 
this would give a right stemo-mastoid sign, and so lie must have 
a collapsed left lower lobe with pleural effusion (see Fig. 7o). 



CHAPTER XV 
LUNG ABSCESS (See Fig. 7C) 

It is well at this stage to consider the pathology, X-ray 
appearances and correlated physical fintlings of abscess of the 
lung, as amongst its commonest causes are preceding broncho- 
pneumonia, more rarely pneumonia, and now and again, in one 
of its forma, atelectasis from main bronchial blockage. 

To get a clear picture of the most usual process, it is best to 
envisage it as due to aspiration of septic material along a bronchial 
branch into the lobules of the broncho-pulmonary segment 
supplied by that branch. This is not the same thing ns blockage 
of the brancli, which is really a complication, or an entirely 
different entity. Unless we grasp this fundamental point in 
pathogenesis we shall bo tinable to understand why one abscess 
clears completely and leaves no ultimate damage to the pnren- 
chjTua, while another goes on to a chronic cavity and to resulting 
bronchiectasis ; and v by the physical signs in the two processes 
are quite different. The essential difference in microscopical 
findings is that in the first elastic tissue is not destroyed ; it is 
destroyed completely in the second, bringing atelectasis and 
organisation of lobules, and thence infecting the blocked bronchia! 
wall to induce all the changes up to broncliiectasis. Tliis is tlie 
reverse process to what we saw in advancing primary bron- 
chiectasis, which produces abscess by extension of sepsis through 
the penetrated cartilage of the bronchial wall. In other \\ord?, 
as we shall learn later, this comph’cation of aspiration is not 
unlike the pathogenesis of adult tuberculosis in so far as it is a 
progression from lobule to bronchus. 

As the condition is primarily due to aspiration it follows that 
gravity will fa\*our its on-set. This is why it is common in lower 
lobes ns against upper lolws, is more liable to occur on the right 
than on the left side, and why also it is peripheral rather tlian 
central in position. It can, however, be caught easily in its 
outward jouniey in any area supplied by a back\ranl-going 
bronchial branch. This is one reason why we paid csjiecial 
attention in our study of applied anatomy to the dorsal brojicbes 
of the right bronchial tree (see Fig. 12. p. 7). Tims a verj- 
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comiaon site for al>'>cess in broncho-pncumonia is the segment 
supplied by the posterior horizontol branch of the right lower 
lobe bronchus as it hoolcs over the upper and posterior part of 
the lobe. The abscess shows on the postero-anterior film close 
to the cardiac border. It' is the resulting “ hilar ” shadow of 
many cases of right lower 
lobe pneumonia, and pre- 
sents a circular or oval 
opacity on the postero- 
anterior film, being photo- 
graphed through the mid- 
line of the cone of infected 
parenchyma. A lateral film 
will throw the shadow into 
its true position in the apex 
of the lobe. IVo have al- 
ready noted, in our consider- 
ation of lower lobo atelec- 
tasia, thM an abscess in thU 

. , , ,, meat aescribed m test. 

position usually causes par- 
tial collapse of the lobe, and that the X-ray may be no different 
from that of tuberculosis in the same bronchial branch. 

Such a complication of pneumonia or bronebo-pneumonia is, 
of course, quite different in patliogenesis from the small multiple 
abscesses that can occur in the connectire tissue in bronchiectasis ; 
in this case the septic material has entered a blood vessel opened 
up in the destruction of the elements of the wall as sepsis proceeds 
to the parenchyma. 

The peripheral aspiration brings the majority of abscesses close 
to the lung surface, so that the pleura is usually affected from the 
onset. This is why the earliest diagnostic sign is so often a 
coarse pleural rub, at first much more extensive than the area 
of xmderlying dullness. Fortunately the irritation causes local 
thickening and adhesions, especially in pneumococcal cases, so 
that empyema by rupture and extension into the pleural cavity 
is comparatively rare. Such adh^ions may, however, form 
between adjacent lobes, allowing the overflow to pa^ into the 
fissure and cause interlobar empyema. Pain is not common 
with the pleural involvement, as there is not the large area of 
parietal pleura inflamed and pnl^ on, which we find in lobar 
pneumonia. 
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At an early stage the abscess is not easily <IeGu«l jKist-niortem 
for the same reason as it is not of equal density in its rounded 
area of loss of translucency on the film. It is heaviest in its 
centre, as here are the lobul^ nearest the bronchial brancli.aIong 
which came the aspirated material. Outside these are the 
lobules which have been irritated in their alveolar walls so that 
they contain catarrhal, mfiammatory exudate, giving the fine 
loss of translucency of oedema. The homogeneity of shadow is a 
diagnostic X-ray feature, and we shall see it remauis until cavity 
formation occurs in those cases that go on to blockage of the 
bronchus. We see, therefore, that it is of the same consistency 
as the shadow of lobar pneumonia and of the individual shadows 
of broncho-pneumonia, all three having in common material 
which is filling lobules and replacing their residual air. Putting 
this in another form, the previous lobar shadow of pneumonia 
is now in a more or less circular, localised area ; the shado\vs of 
broncho-pneumonia are now confluent in a laiger single area. 

Sometimes abscess involves a considerable area, sliouing no 
special denser, central region, but only a \ride-spread area of 
homogeneous loss of translucency. There is no particular 
definition, such as appears in lobar pneumonia, making out n 
definite lung segment (see Fig. 77). 

At first the area roust be silent, apart from its complicating 
pleural rub. It will cause no shift of the mediastinum, as its 
material has the same physiological effect on lobular elastic tissue 
as the residual air it replaces. There will be no stemo-mastoid 
sign, nor will it be found in the usual following stage of the absce.«s 
which evacuates voluntarily. This stage is often referred to as 
a cavitation because the picture on the film is misread ; there is 
no real difference except in extent between this second stage ami 
the second, evacuating stage of a broncho-pneumonic single 
lobular affection. Naturally the lobules nearest the draining 
bronchus evacuate first, so they make a central translucency 
within a circular homogeneous shadow made up of those lobules 
still imdrained. Tliis ring shadow has no components of organL-^a- 
tion or collapse ; it does notalterwithin itself orstand out agaiu-st 
any surrounding emphj’seraa with distant view ing as a tuberculo\is 
cavity wall does (see Figs. 78, and 90, p. 111). Stcthoscopic 
findings bear this out ; we hear just the same rules as we heard in 
broncho-pneumonia in the mid-phaso of inspiration, indicating 
lung material entering tlie bronchus, but naturally they artj in- 
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creased in number and coarsene&s as o bigger circumscribed area Ls 
affected. 

It h necessary to repeat again, even if it appears redundant, 
that the usual lung abscess is not a. cavity, as many students 
seem to visualise the process. It is merely, to all intents and 
purposes, a very localised pneumonia, filling lobules with exudato 
as pneumonia does, and differing only by the method whereby 
it was caused in these lobnlw. It distends them as pneumonic 
exudate did, and does not destroy their elastic tissue unless it 
cannot get out into the bronchus. Most patients evacuate the 
material voluntarily, at a stage when it contains no elastic fibres. 
Moreover, this method of cure never has with it any clubbing of 
the fingers ; the septic material has not been dammed back. 

Should, however, this evacuating material block the bronchus, 
the way is open to serious consequences, from cavitation to 
bronchiectasis. The first bint can often be got by the film 
examination ; the exudate, now fluid and thin by the proteolytic 
enzyme of its polymorphs, is dammed back, and we sec a level 
within the diseased area, confined by the circular or oval shape of 
outlying lobules wiiich are still filled with large mononuclears, 
phagocytes and pol^Tnorphs. Should this not be evacuated by 
drainage, by conservative or surgical methods, then repair, 
and not resolution, will take place in these surrounding lobules. 
They cannot find an exit for their material content, and slowly 
fibroblasts will enter them, organisation and collapse will follow, 
drag on the bronchus be the inevitable result, and bronchiectatio 
cavitation by advancing sepsis from lobules to bronchus is the 
final picture. The septic material now destroys the parenchyma, 
and the foul sputum contains clastic fibres. There will bo an 
immediate reaction in the mediastinum. To all intents and 
purposes we have one single cavity of bronchiectasis. There wo 
saw how sepsis is the bronchus extended tlirough oU the coats of 
the bronchial wall until it reached the parenchyma, and produced 
a cavity in the lung connected with o saccular “ cavitation " of 
the bronchus. This is just the revereo process leading to the samo 
end-result. The disease can now extend like any individual 
cavity in primary bronchiectasis. 

Hie physical signs arc now those of organisation, fibrosis and 
atelectatic collapse. By destruction, of elastic tissue we have 
drift of the mediastinum with a positive steriio-mastoid finding ; 
to the stethoscope wo have the crepitations of fibrosis ; and the 

tStXtTXTWT ■ 
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coarse, metallic rales of bronchial dilatation and its connection 
nith long tissue are heard throughout the first and mid phases of 
inspiration. These are exactly the same added sounds as rre 
found in adrancing broncdiiectosis. 

Clubbing of the fingers of the septic type comes on rapidly 
nith the blockage of the bronchus. If eracuation by efficient 
drainage is carried out the clubbing disappears quite soon ; if it 
does not do so, then the observer should be doubtful if the lung 
condition is really cured. Many cases are shovrn by tf^ography 
to be going steadily, if slowly, forward to the stage of bron- 
chiectasis in spite of apparent cure by operation. This is why 
there are so many so-called recurrences of lung abscess ; they are 
not recurrences, hut continuances of the same initial uncured 
lesion. We are now dealing with secondary broncluectasU, not a 
lung abscess. 



CHATTER KVl 
TUBERCULOSIS UP TO EARLY ADOLESCENCE 

WnATEVER be its route of entry to the body, by inliahition or 
ingestion, the tubercle bacillus can ahrays reach the lungs. WTien 
it comes in contact ^vith any mucous surface it is ingested by a 
phagocyte, carried by it through the mucous membrane to enter 
the lymph spaces, and thence is conveyed to the lymphatic node 
or tissue draining this particular area. Its next stage on the 
journey is the venous blood and so the right heart is reached, 
and, through the pulmonary circulation, the lung tissue. Should 
it be held up in a small capillary the phagocyte pierces the u’all 
to enter the surrounding lymphoid tis-sue, and there to form a 
focus of disease. In other words, whatever be the manifestation 
of the disease in the lungs from childhood to old age, tuberculosis 
is primarily a I^unphatic disease. Its forms depend on the reaction 
of lymphoid tissue : it ahrays attempts to drain along the lymph 
channels, which u'c saw in our consuleration of applied anatomy 
are part of the protective sj’stem, together with the l^mph spaces 
and the glands. It succeeds in most eases in the infections of 
cluldliood type, but its vccy evidence of acquired immunity, in its 
efforts to confine the infection to localised areas, can be the 
undoing of the infected subject as age advances, since the lymphoid 
tissue, so hedged about, becomes the breeding ground for the 
bacilli, and so itself breaks down. It is worthy of note that 
increasing age brings much increase in lymphoid tissue throughout 
the lungs ; this is doubtless in great part an explanation of the 
widespread ravages of senile phthisis, which yet maintains such 
a resistance as to simalate only chronic bronchitis. 

Although there are no sharp lines of demarcation dividing the 
disease into forms for different ages, it is convenient to describe 
its further developments under the headings of “ Infancy and . 
Early Childhood,” “ Childhood to Early Adolescence,” and 
Early Adolescence and Adult Life,” as they show fairly de- 
fined tj’pes of response of the now infected onanism to fresh 
infections. 

Tuberculosis in Infancy and Early Childhood 
The forms of the di<ease shown in tins age group are miliary. 
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broncho-pneamonic and pnenmomc. Closely interconnectcil in 
it, as in all age groups, are the three &ctors of ; — 

(1) The size of the initial dose and its repetition. 

(2) The resistance of the body to these infections. 

(3) The mode of spread. 

By the method of initial long deposit, lymphatic spread is 
commonest, small nodules tending to form in the peri-rascular 
and peribronchial lymph vessels. There is no doubt that this form 
can occur at ages long after childhood, in adolescent and adult life. 
The bacilli have, however, only to break into a blood ves.=ie! round 
which they are congregated to give mihaTr tuberculosis by blood 
spread, or into a central bronchiole to gire us tuberculous pneu- 
monia. In such case, the patient has had no previous infection, 
and so no immunity. 

Blood spread generally results from repeated infections before 
the age of three. The patient gets no opportimity to acquire 
immunity, and therefore a resistance ; he gets either one massive 
dose or continually repeated doses, usually from a parent with 
positive sputum. Probably there is no direct evidence of the 
lung involvement, which is inferred from the general condition, 
suspected by the history of contact, and generally easily confirmed 
by X-ray examination. The film shows multiple deposits of 
homogeneoas, but ill-defined, small shadows like snowflakes 
throughout all zones of the lung fields ; these are caseating 
tubercles (see Hg. 79). 

The broncho-pneumonic type of spread infers some acquired 
immunity provoked by repeated small infections, but broken 
down by some intercurrent debilitating disease such a.s measles. 
That there fa some resistance fa indicated by the attempt to confine 
the spread, by inflammation and consequent fibrosis, in the peri- 
bronchial connective ti^e, comparable to what we saw happen 
in the pathogenesis of streptococcal bronebo-pnenmonia as 
against pneumococcal lobar pneumonia. The film differs from 
that of simple uncomplicated broncho-pneujnonia in two ways ; 
first in its distribution, and second in its type of individual 
shadow. It is much more widespread, not mainly in the lower 
zones, and each shadow, while more woolly, is much more discretely 
marked off from its neighbour, especially on distant viewing, 
since the translucent spaces between are due to complemenlarj’ 
emphysema in response to collapse of nearby affected lobules. 

When immunity fa swept aside by one motive snper-infcction. 
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tlicn wc liave tho condition comparable to lobar pneumonia in 
true tuberculous pneumonia. There is no evidence of fibrosis. 
This usually occurs under tho age of five, and is for all practical 
purposes similar to the acute exudative phthisis of adolescence. 

Tuberculosis in Later Chitdhood, up to Early Adolescence 

In tliis country many clnldien show acquired immunity 
bj' fibrosis, induced in response to earlier lesions. They show 
little, and generally no recognisable, clinical upset, and it is 
by chance that evidence of calcified deposits are discovered 
vhen a film of tho chest is taken, usually during the investigation 
of some inter-current and unconnected illness. The pity is that 
these dead, and therefore clinically unimportant deposits are 
Bometiraes interpreted as the cause of the illness, with tmfortimate 
repercussions to tho patient and his parents. 

Minimal re-infection at this period of life produces the first 
recognisable, so-called " primary focus.” It is commonly knomi 
as the ** Qhon’s focus,” showing up as a small, calcified, irregularly 
rounded area, usually well out in the lung periphery. It always 
drains, in the manner already described, to the associated glands 
in tho hilum, which act as sumps for the region, and in many 
instances these glands are fotmd to be enlarged and crenated by 
calcification. Absence of infection cannot be concluded from 
the absence of either a primaiy focus or enlarged glands on one 
postero-anterior film, e.§r., the focus may be hidden in the 
posterior recess by the diaphragm. When both are seen, with or 
Muthout signs of inter-connecting streaks of irritated lymphatics, 
they are given the name of ** Ranke’s Complex.” finding 
of glands alone used to be read as evidence of the mythical 
"bilum tuberculosis,” which is a misreading of the normal 
physiology of lymphatic drainage as well as of the pathogenesis 
of tuberculosis. This is, of course, an entirely different thing 
from the possible after-effects of those glands ; the point is that 
they are themselves secondarily, and not primarily, infected. 
To such after-effects we shall pay some attention later. 

We have seen how every clinical manifestation of the disease 
depends on the interplay of dosage and resistance induced by 
previous dosage. The infection can at tliis age group be so acute 
that there is complete b^eakdo^vn of immunity, and so no 
fibrosis, in an uni’estricted caseation. Again, tho immunity may 
be lessened but not completely destroyed, so that we can find 
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forms that resemhle the fibio-caswus type of adult life. Further, 
the local reaction in one confined area may be so intense that 
swelling of the bronchial mucous membrane hv inflamed 
lymphatics causes occlusion of the lumen. Atelectasis of the 
hroncho-pulmonar3’ segment it supplies is the result. Or again, 
the glands in the hilum may have so much to do in coping with the 
drainage, and become so large, that theypress on a main bronchus, 
and give lobar collapse ; or may caseate through the bronchial 
wall and give broncho-pneumonic tuberculosis b\' inlialatiou. 
These possibilities, however, are all secondary and consequential 
conditions ; they are not the condition described under tlie term 
*' Epituberculosis.” The name may be unfortunate, but it 
describe-s a true entity of childhood tuberculous infection (see 
Figs. SO and 81). 

Here there has been a superimposed infection of moderate 
intensity ; the resistance has been maintained, while the actual 
amount of drainage has been more than the associated glands 
could deal with. It is just as if all the drains connected with the 
original focus, and all those normally' emptying into the affected 
gland, were made to take the overflow, which therefore now begins 
to manifest itself from the lulum towards the periphery. Tlje 
lymphatic drainage from one set of lymph channels is ^mroctl 
back into every channel cormected with the gland. Tlie process 
therefore now simulates the rodial spread of pneumococcal 
pneumonia, and may be misread as such. The first trianguLir 
loss of translucencj’- round the gland is known as the “hibr 
flare.” As in pneumonia, this spreading loss of translucency raa\’ 
go all the way to the peripherj’ and even involve the pleura, hut 
here any apparent similarity completely stops. Complete involve- 
ment and retrogression of the affected lung segment can take up 
to eight or more months, but we sec that the method of resolution 
is exactly the opposite to that of pneumonia. The Litter clears 
in the same order in wliich it extended so that it recovers at the 
hilum first and at the i>eriphcrj’ last. In epituberculosis it clears 
at the periphery first and at the hilum List. 

The temperature is subfehrile as a rule, imless pleural involve- 
ment supervenes. The child is fretful hut of good general condi- 
tion, and usually so little upset that he is considered to have a 
common cold or some teething trouble. Usually an X-my 
examination produces the true diagnosis, .although careful 
phj'sical examination will show lack of movement, impamnent 
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of note and weak breath aoimds. There is nothing comparable to 
collapse, no shift of the mediastinum and so no sterno-mastoid 
sign. Tliis is an acute IjTuphangitis, totally different from the 
possible eecondarj' atelectasis of pressure or caseation inTolving 
ft main bronchus. There is no reason why it should produce 
collapse in ita usual uncomplicated state, for it is not a disease 
in the alveoli but in the lymphatics. The tubercle bacilli do not 
enter the vesicles although they irritate their walls and cause 
inflammatorj' exudate, and, we lia\*c already noted, as this is 
only in its effects a substitute for the residual air, there is no 
mediastinal shift. A lateral film u’ill confirm this. 

Tlio usual end-re.sult is therefore a well-marked “ Ranke’s 
complex,” and there is no proof that a child or adult i-o infected 
is any more liable than his colleagues to develop adult phthisis. 

The film shows a generalise<l lass of translucency tlirotighout 
the region of glandular drainage, entirely homogeneous in most 
cases, although occasionally a fdm of more than usual penetration 
may disclose the heavier shadow of the ” Ghon’s ” focus towards 
the outer zone, in which it commonly lies. The upper zones of 
the hmg fields are, by far, the commonest affected in the disease, 
and u c c.an often sec enlargement of glands that have picked up 
the infection ncro.«3 tho mediastinum in the opposite hilum, 
though these uill in many cases be easier to recognise on a lateral 
than on a postero-anterior film. The picture and tho physical 
signs are entirely different if the compb'eation of collapse lias 
taken place. As we saw, this can occur in two ways. TJie 
localised lymphatic enlargement round a bronchus may bo so 
intense that tho bronclio-pulmonnra'orea supplied by the bronchus 
loses its residual air. We -will now have a localised dense sliadow 
on the film, and adrift of the mediastinum towards it. Again, the 
hilar gland may get so large that it presses on a main branch of 
the bronchus, and we shall have a picture of the same type as in 
adult lobar collapse. 

A further complication is possible. This gland may caseato 
into the bronchus and tho tuberculous material inhaled give a 
true bxoncho-pneumonic phthisis. 



CHAPTER Xra 

ADOLESCENT AND ADULT TUBERCULOSIS 


“ Epitubebculous ” lesions are found up to about the fifteenth 
year of life, although most of them occur before the age of trrelre. 
Thereafter come to the manifeatatJons of tuberculosis most 
commonly met with in general practice. Eundamentally they 
are the same as those of earlier ages in their interplay of infection 
and immunity ; that is, they are probably due in the most part 
to reinfections or reawakeniogs of previous primary infections. 
It is highly possible, however, that many of them are continuing 
primary infections in individuals who have not been infected 
before the age of adolescence. Some patients show exudation 
•with no foregoing, or with destroyed foregoing immunity ; others 
show lessened immunity and thus varjung amounts of consequent 
fibrosis. Some therefore show the spread of the blood*bome 
type of miliary tuberculosis ; some show this fonn combined 
■with fibrosis in the individual scattered lesions of "-chronic 
miliary tuberculosis," while others show break into.a bronchus 
and give broncho-pneumonic or pneumonic types. Most, how* 
ever, sho'W the disease commencing, os far as we know by their 
diagnosis through X-ray films, in those special broncho-pulmonary 
segments of dorsal branches of bronchi which we studied under 
applied anatomy, and saw involved in the commoner sites for 
formation of lung abscess. Considerable fibrosis is the usual 
response, so that fibro-caseous disease, and a tendency to conse- 
quent ca-rity formation, is the finding in the majority of patients. 
We do not know if such usual adult manifestations are really 
a secondary or tertiarj' stage of the disease, because we have no 
mass X-ray obser\-ations under the age of seventeen or eighteen. 
Similarly, we do not know -what really happens to a primary 
infection in adolescence or adult life. Recent experience suggests 
that a young adult who is negalh-e to tuberculin and gets first 
contact with an open case of tuberculosis sbo-n-s film findings 
exactly like those which can accompany an erythema nodosum 
(see Fig. 82). Tlierc is n large confused hilar shadow, often 
with scattered indiscrete pulmonary sliadou's. These latter 
jnaj* be areas of lyniphnngitb and con.«cqucnt collapse of bunches 
of alveoU. Some are complicated by pleural effusion. It is not 




FiO. S2. Tlie X-ra; appearance# vhich can accompany 
erytlirenu nodosum 




Fic. S4. Tabercu]o«l8 in the uillaiy portion of the right npper iobe. 
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uncommon to recover tubercle bacilli from tbe stomach -waslungs. 
The X-ray siicK as shown in Fig. 82 is usually read as “ Sarcoidosis 
of lung.” The writer has followed some such cases by serial 
films through a stage of fleeting shatlows in one or both apices to 
definite infraclavicular deposits, with positive sputum, within 
eighteen months of tlie appearance of erythema nodosum. 

In the involvement of broncho-pidmonary segments the 
attack is again tlirongh tlie lymphatic system ; there is no 
change in the fundamental pathogenesis of the disease. Our 
stucL'cs on the anatomical relations of the ah'eoli reminded us 
that they connect with the lymphatics through lymph spaces, 
wliich surround the lobules. It is into these spaces that the 
X)hngoc 3 ’tes containing the tubercle bacilli now enter, after being 
caught in tJie lymphatics which accompany the dorsal bronchioles, 
and the first reaction is catarrhal exudate in the alveoli from 
irritation of theic walls. This is a non-specific inflammatory 
mdema, the same reaction which wo saw in epituberculosis, 

It is well at this point to consider again, and sum up, what we 
have learnt about this exudate. It occurs in pneumonia and in 
broncbo-pucumonia. Wc saw it also in the lobules adjacent to 
tliose filled with the septic nmterial producing lung abscess ; 
now we find it in the first reaction of tho alveoli to tbo irritation 


of the tubercle bacilli in their sunounding lymph-spaces. It 
always gives a homogeneous shadow, and is similar to that 
produced by the congestion of “ congestive failure," which is 
exaggerated in cederaa of the lung. It is the confused edgo of all 


film shadows of inflammatory 
chest conditions, and can 
often obscure the underlying 
lesion, e.ff., an early tuber- 
culous disease. It has been 
given tho name of " pneu- 
monitis,” which name can 
do no damage provided it ta 
understood that it is not a 
diagnostic term but only ft 
descriptive name for a non- 
specific oedema, the tmo 
cause of which mii-st be 
sought by further investiga- 
tions. 



FiO. 83. Tuberculosis left outer mid sione, 
eompwod with pneumooia of uxillsiry 
branch of the right upper lobe bronchus. 
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It is of particular importance that its shadow in adult tubercle 
of the outer mid zone should he recognised ; in this position it 
often covers for a considerable time many small indiridual 
shadou^ of infected acini. We have already compared it for 
differential diagnosis with pneumonia of the axillary branch of 
the upper lobe bronchus (Figs. 83 and S4). 

As this non-specific CKlema replaces the residual air of the 
alveoli which it fills, it has the same physiological effect on 
the mediastinum ; in other words, it is never in itself the caxise 
of mediastinal displacement. It follows, therefore, that in the 
earliest tuberculous reaction there will be no stemo-mn-«toid sign 
and no added sounds, while there will be lack of movement. 

At this stage of the disease, and indeed for weeks or months, 
even in a progressive lesion, the patient may make no complaint, 
and should he be examined, can present no definite abnormality. 
Only X-ray e-xamination will reveal the disease, and only serial 
e.xaminations by film may be the deciding factor on an ultimate 
decision of activity or inactivitj' in any one individual case. 

We learnt under applied anatomy that the smallest branch of 
the bronchi is the bronchiolus lespiratorius ; each supplies an 
acinus. As each acinus is surrounded by a Ijunph channel, it i.s 
this anatomical division of the lung parenchjma which is funda- 
mental to our imderstanding of the further changes in adult 
tuberculosis. Each goes through all the stages, in its component 
alveoli, of catarrhal exudate, then invasion of this e.vudate bj* the 
tubercle bacilli, then caseation, and then the attempt to evacuate 
this caseation into the bronchiolus. Blockage of the bronchiolus 
follows, so that those alveoli that have emptied collapse by loss 
of residual air, and those that cannot now empty organise. Next 
will inevitably come dragging on the wall of the bronchiolu'?, 
alre<ady weakened by the tuberculous material, so that cavitation 
commences. This proce.'is irill be akietl by the increased pull of 
the intro-pleural negative pressure, seeing the elasticity of the 
infected acini is now being destroyed, and at this stage ue find 
the sign of mediastinal displacement in a tense stemo-mastoid 
muscle on the side of the lesion. 

We may now follow these changes on the X-ray film. The 
dorsal bifurcations of the pectoral and axillarj* branclic.s of the 
right epi-arterial bronclius arc conuiionly aflectc<l. Tlih is why 
it is not imcommon to find the first recognisable foci of adult 
tubercle as roimded areas of homogeneous loss of transliicenc^v in 
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tlio inner or outer tbirda of the r%ht ijifra-clavicular region. 
Tliey are round because, as wo have noted before, the cone of 
infected parenchyma is photographed through its long axis. 
They may be in small and multiple areas up to about J incli in 
size when first noted, but arc usually single and about tJiree 
times this size. They arc then knom\ as “ Assmann’s foci.” 
They are fairly ^^cll defined, and entirely homogeneous. The 
apparent striations on them are really the normal markings of 
Iimg tissue lying anterior to them on the postero-anterior film, 
ns can bo shown by taking either an antero-posterior film which 
prc.scnts tlieni nearer to the surface, and therefore to the film, or 
by doing a tomograph (sec Fig. -13, p. Cl). 

There is one reaction to the focus that is quite common in 
the upper lobe, especially the right, and is often called erro- 
neously “ tuberculous pneumonia.” We saw that in ” Epituber- 
culosis ” there is a possibility that lymphatics round a bronchus 
can be so swollen by reaction that they occlude the lumen, and 
produce a locaUsed area of collapse as a complication. A com- 
parable reaction can take place in response to an acute ” Ass- 
mann’a focus.” SwcUing in the lymph-spaces, together with much 
catarrhal e.vudatc in irritated alveoli round them, can give a 
hear}' shadow, part of which is duo to actual lobular collapse. 
Tlie interlobar fissure is drawn up and the mediastinum well 
dispbeed to the affected side. The lymphatic inflammation is 
quickly passed to the interlobar fissure, which is always heaviest 
in its shadow just below' the lesion. This is the cojidition that iras 
compared for differential diagnosis with upper lobe atelectasis 
(see Fig. 01, p. 85) 

Best and serial films wdll often show the true state of affairs. 
Just as tlie catarrhal reaction often disappears round foci in 
other parts of the parenchyma, now both the catarrh and the 
lymphangitis can be seen on serial films to retrogress to more and 
more translueency, while in the roundetl area of the causative 
deposit Ave not infrequently see a rapi^y forming cavity with a 
fluid level. Tlie condition has been, therefore, but a manifestation 
of the severity of the attack. 

The temperature and constitutional disturbance may simulate 
pnevtraonia at onset, but the dullness of the upper lobe is more 
I)osterior than anterior, and we shall find signs of mediastinal 
displacement, which, as we have seen, can occur only in com- 
plications of pneumococcal pneomonia. Later, the film can 
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simulate absc^ formation in a lobe collapsed by bronchial 
carcinoma, but as the cavitation develops in the tuberculous 
case the rest of the lobe clears above the lesser fissure, whereas, in 
true carcinomatous atelectasis, the surrounding density remains. 
By this time sputum examinations Trill generallv clinch the 
diagnosis. 

The large roxinded form of the Assmann's focus is, we have 
seen, by no means a necessity. Individual acini may Ik 5 seen on 
the film as tiny individual dot -like foci congregated together, and 
giving no evidence of inflammatory exudate. TVe have already 
noted that such single or multiple foci can be concealed by over- 
lapping bonj' shadows. Where there is auj’ donbt the rib inter- 
sections must be studied very closely and an antero-postcrior 
view taken. AH this means is that there is less acute invasion, 
or that we are looking at a later stage when the exudate has 
gone ; it does not mean that these areas will not go on to the 
same after-effects. Serial films show they can proceed to capta- 
tion of slower onset, although they are, on tho whole, more 
inclined to go on to organisation and fibrosis without mudi drag 
on the bronchus. If, however, they caseate and affect by extension 
other acini in their immediate neighbourhood they arc no different 
in their film findings firom those Assravinn’s foci which appear to 
break up into their constituent parts and produce a picture of 
small triangular areas that merge into the shadows of the infiamed 
lymphatics, round congested bronchi tracking to^rards the 
hilum. The disease is following its constant pathc^enesis ; it is 
attempting to drain by the lymphatics to the hilar glands. 

This type of individual acinar deposit is common in the supra- 
clavicular apex, and means that the posterior apical branch of 
the upper lobe bronchus has been affected (see Fig. 13, p. 7). 
Experience ■nith mass radiography shows this is a far commoner 
site of disease than was formerly believed, and many cases that 
show active Assmann’s foci below the collar bone have evidence of 
previous true apical deposits. Indeecl this is so common that it 
appears probable that infra-clavicular tubercle is a second or 
perhaps a secondary attack to a previous and unsuspected more 
peripheral disease, never quite healed. Wliethersuch true apical 
tubercle is an outpost of the primary focus of childhood that 
remains dormant until adolescence wc may, by the modem 
possibilities of serial film cxauunatimi, soon able to state. 

It can be extremely difficult to decide whether such deposits 
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are present in the supxa-claTicoIar apex. Overlapping bony 
shadows, the shadow of the stcmo-iiwstoid, pleural tenting and 
pleural striaj can all give confusing shadows. The antero-posterior 
view is often of great help in the final opinion (see Fig. 28, p. 31). 

If we now looked at the cut surface of the post-mortem specimen 
we should see a collection of tiny nodules of collapsed and organised 
acini, each round a central, more or Jess occluded, bronchiole. We 
might also recognise many white strands due to fibrosis of the 
I>eribronclual and periva-scular connective tissue, the latter 
narrowing the blood vessels and helping to contribute to the 
endarteritis obliterans which is a constant feature of the disease. 
The hilar glands are hardly, if at all, affected ; the fihrosis has 
allowed hut few bacilli to reach them. 

It is little wonder that tuberculosis is without symptoms or 
gross physical signs, especially to stethoscope, for a considerable 
time after its establishment in adult form. It does produce lack 
of movement, lioworer, and, very soon afterwards, destruction 
of elastic tissue begins by organisation and the results of bronchial 
blockage. The sterno-mastoid sign rcfiects drag on tbe medias- 
tinum, but only careful etcthoscopic listening will demonstrate 
the first sound of the material evacuating from the lobules into 
their suppljing bronchioles. We shall then hear evidence of the 
bronchiole contents in fine stibili at the very end of inspiration, 
increasing in intensity to reach a erweendo ot the very end. 
Remcmbetir^ onr stethoscope findings in bronchitis we recognise 
a distinctive and diagnostic cUfference in the position in inspiration 
of this sound, wliich is exactly the same in its quality to tlie ear 
in both diseases. In broncliitis wc heard it at the beginning of 
inspiration, lessening ■with tlie increasing depth of breathing, 
and connoting obstructive material consisting of breaking down 
elements of the wall ; what we hear in 
phthisis is material evacaiating into the 5 ibiu« hhdnch 

terminal, distal ends of the bronchioles 
from their ccameding lobules. With 
these sibili or coarser rhonchi we shall 
soon hear tbe dry crepitations of fibrosis, 
also most marked at the end of 
inspiration, and not disappearing with pXiono^y tubercuioaJs 
cough ; these are the signs of the peri- 

broncliial fibrosis. In other words, we have stethoscopic 
evidence of infiltration and fibrosis (see Pig. 85). 
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'in. 87. Tuljcrculoiw infikrfttion Mwl fibronis. P-A \ le^r. 
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Thickening of the pleura overljing the broncho-pnhnonan* 
segment foUon^ very soon. Its stethoscopic sign we shall also 
find, in a burst of fine dij’ crepitations with the act of cough 
which disturbs the fine adhesions of organising exudate between 
cRtmiTisNs the visceral and parietal layers {see 

Tig. 86). 

- 1 1 ^ t The progress of a focus that keeps 

g rounded form for some time 
shows bv serial films that it mar, 

A. With act of con»h in pletzral * 

thiciHiin^. aithougli rarely, seem to dj=tappear 

B. tvith fibrosis of Joag. altogether. It may split, as already 

noted, into small individual l^ons, or go on to a drawn-out ma-cgi 
of fibrotic strands and organised areas. Sometimes there will be 
rapid cavitation, with occasionally a fluid level, at first X-ray 
recognition. Usually, however, the cavity is due to a slow 
weakening of the walls, which are dragged peripherally in ragged 
fashion by organisation hero and coIlap.«e there, so that the fflra 
shows an area that has lost in great part its rounded formation, 
and is merging into the shadows of the larger bronchi, now outlined 
by surrounding thiclmning connective tissue, as they track down- 
wards and inwards to the hilnm. 

Critical inspection of the film of an established case with 
activity gives ns a lesson in living pathology. If we look at it 
' closely we see it has a background of fine generalised loss of 
translucency ; this U thickened plastic pleurisy. At the edges 
'of ihe lesion we see areas of slightly greater losa of translacency ; 
they are due to the catarrhal exudate in irritated lobules in the 
process of invasion, f.c., the areas of advancing infiltration, 
meiging into the heavier shadows of lobules now containing 
tubercle badlU, that have penetrated their walls, and are pro- 
dneing caseation. 2iIore centrally we see still denser individual 
.lesions, dear cut, standing out on distant viewing like the 
thickened bronchial walls, because they have round them lobules 
distended by complementary emphysema. These denser areas 
of collapsed and organised lobules are fused and solid in dumps, 
round the dilated and destroyed bronchial wall, to form the 
heavy, but broken up, outline of cavity. The picture ts dis- 
tinctive and diagnostic, unlike any other in chest disease (see 
Figs. 87 and SSJ. 

Tliere is possible confusion with the cavity of true lung abscess, 
but, as we have already seen, the cavity surround in this case looks 










Fio. 90. Tutrrculoiis r*ntation. 
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as if all the affected lobules liad been suddenlj- frozen in silu to 
form a continvious baud with no areas of inlervoning lobular 
cmphybcma, and therefore not altering 
essentially in their detail on distant as against 
close viewing. ^Ve saw also that a further 
and important point in such differential 
diagno-shi is that the chronic tuberculous 
caAity is seldom the only evidence of 
phthisis; it is much more often in a lobe 
tliroughout which enn bo seen scattered 
areas of infiltration with fibrosis (seo Figs. 89 
and 00, 

The advent of the cavity gives its own 
adventitious sounds. Tlieprc-sence or absence 
of Avhi.spering jwctoriloquy is not a reliable 
diagnostic finding ; the more the contents Captation 

of the cavity at the time of listening, the less tulwcuioarf?*^^ 

the pectoriloquy. A much more constant 
sign is the presence of coarse, metallic rdles (see Fig. 01). 
Tlicy are in quality exactly as those wc heard in bronchiectasis 
and in lung abscess, but they arc now heard beginning in the 
second half of inspiration, and become 
1 * — I — ’ — i — * — 1 more and mote insistent with the depth 

— — » of breathing, until they reach a crescendo 
Fjo. 01. Jlotalljc rilM in t},o 
tubi.'rculou'j cnvitation. i . 

We must rcnimU ourselves that con- 
siderable portions of lung tissue are involved before added sounds 
are heard. It is a fairly safe rule to conclude that signs heard 
above the clavicle mean the upper third of the lung is involved, 
and signs below the ctivide mean at least half of the lung is 
inA’-olved. An example of tho influence of other factors in their 
production is that where laryngeal tubercle is present Ave can 
consider the extent three times that indicated by our stethoscope 
Rndiags. 

Acute Exudative Phthisis of Adolescence and Adult Life 
Tliis type of puhnonarj' tuberculosis is fortunately nowadays 
rare in this country, ns acquired immunity is Aridespread. We 
do, however, occasionally see it as a steadily advancing disease 
unrestrained by any fibrosis. Inflammatory esxidate in the lobules 
is rapidly repLiced by enseating material, Avhich on evacuation 
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fills the bronchi, whole areas breaking down to be coughed up and 
to leave in the lung fields ragged vacancies, which are therefore 
(avities of entirely different mode of formation from those we 
have already considered. As no barrier is pbced in the way of 
lymphatic drainage, tubercle bacilli flood the hilar glands, and 
they in turn go on to rapid caseation. 

The film therefore shows many areas of transluceticy among 
widespread homogeneous densities. The translucencies are the 
cavities, often of no clear definition, but occasionally looldng like 
ticket punchholes where there has been a sudden evacuation, 
through a bronchiole, of rapidly caseated tuberculous material 
round it. Bunches of heavily infiltrated lobules then make up 
what is only an apparently confimng wall. Hilar shadows are 
heavy, indistinct and confused, made up of the caseating glands, 
surrounded by much Bwelling in lymphatics, and much increased 
hyperaemia. 

Movement of the chest is poor ; there is generalised loss of 
not© with no offsetting areas of emphysema. The predominant 
part of the affected zones of the lungs is silent, as residual air is 
replaced by exudation and caseation, but now and again we hear 
coarse rhonchi, caused by the bronchial obstruction. These arc 
especially noted, being exaggerated and insistent even after 
cough, in areas going on to cavity formation by rapid evacuation. 
We are listening to “ tuberculous bronchitis ’* which is really a 
flooding of the bronchi by the evacuating caseated, tuberculous 
deposits. 



CHAPTER XVin 
PLEURISY 


There are three maiu forms of pleiiris}' : " fibrinous,” or dry ; 
“ pcro-fibrinous,” or pleurisy with effusion ; and “ yurulent,” or 
empyema. There is no hard and fast dclimination between these 
fomis, seeing that there is nlira\-s some slight fluid present with the 
first, M'hile the second and third really \'ar3' only in the amount of 
pus in their cellular content. All three forms can be caused by 
tile pneumococcus, the streptococcus or the tubercle bacillus. 

Dry pleurisy may be primnrj* to the pleura by the presence in 
its la^-ers of the bacillus of Koch. It is however almost always 
secondary to pulmonary' tuberculosis if it be tuberculous, even if 
it is actually found in the parietal layer, in which case uhat has 
happened is that bacilli from a previous frank effusion have 
penetrated this Layer to its intimal coat. Dry pleurisy is also 
found with pneumonia and broncho-pneumonia and their 
suppurative complications, and may be diaphragmatic in site 
\\ hen secondary to abdominal disease, whicli is conunoaly sub- 
phrenic abscess. 

Its effect on the membranes depends on its cellular content, 
the higher the polymorph percentage-count, the less being the 
chances of ultimate and permanent damage. Tlus is why lobar 
pneumonia, wlule producing a heavy exudate on the visceral 
layer, yet leaves little ultimate damage in the vast majority of 
cases, as its greyish-yelloa", thick deposit, even should it imdergo 
some organisation, u ill be removed eventually by the proteolj’tic 
enzj-me of its preponderant polj-raorph content. On the other 
hand, tuberculosis produces an exudate ivhich contains a high 
percentage of fibrin as against polymorphs, and so is much more 
liable to proceed to permanent adhesion betneen layers of the 
pleura over parts of the lung affected by phthisis. 

can Sslhvr f&ese <icy phadsf ca tfes Sica, life 

see much more density from a recent pneumonic than from a 
recent secondary tuberculous pleurisy ; but the pneumonic' one, 
followed in serial films, will almost always disappear, while the 
tuberculous one leaves behind a haziness of fine homogeneous 
tj'pe, to act as a background to those lung shadows of infiltration 
and fibrosis which are the underlying cause of its appearance. 
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There are two exceptions to this rule, the first behig demon- 
strated in so-called “ tenting of the diaphragm.” Wc saw already 
that localised lung affections of pneumonic type are slow of 
disappearance, and incline to healing by repair rather than by 
resolution as against their mote generalised form's. The same 
effect is seen in interlobar pleural infections. We have noted 
earlier that ^ipr}* often a localised tent-shsi)ed shadow is seen on a 
film about the mid-point of the diaphragm on one side, more often 
the right than the left. 

We noted the second when discussing the diapliragm. It 
consists in that filling in of the extreme costo-plmenic angle by a 
shadow which has no clinical significance unless it be accompanied 
bj- a lung foens. Without evidence of such a focus it should 
never be read as tuberculous in origin. It is ahuost alwaj-s due 
only to a previous known or unrecojmi'ed pleural reaction of 
pneumonic or broncho-pneumonic origin. 

The most painful type of dry pleurisy is the pneumonic. The 
progress of the average seoondarj* pleurisy, n hatever it-s cause, is 
from visceral to parietal Layer, eacli ^Ing involved first by 
inflammatory reaction and then by the specific reaction of the 
penetration of the causative organism, in the same way os we 
saw the progression of any lung <lisea5e involving the alveoli, 
from catarrhal to specific exudation. T1 )p pncunjococcus first 
irritates, and then invades the visceral pleura as it reaches the 
peripherj* of the lung sector; it seldom does more than inflame 
the parietal layer. CEdema stretches and makes this layer 
supersensitive. Dragging by adhesion between the moving 
visceral and the static parietal layer then prodvrees great pain. 
With lung abscess pain is not frequent, and with pla'itie pleurisy of 
tuberculous origin the imtient complains more of a “ rheumatic 
ache ” than an acute discomfort, unle'ss a« in fmeumonia he has 
a widespread reaction to the parietal layer, in whiclj ca«e he is 
almost alwaj'S aboxit to develop a frank effusion. 

As already noted, scro-fibrinous effusion differs from dry 
pleurisy only by virtue of the fact that fluid is in amount sufTicient 
for physical or visual demonstration. The cau«e in mo«t cases 
seen in general practice is tubcrculosi'x of the lung. It is to thi« 
latter type that we shall confine our detailed description of frank 
pleurisy. 

The fluid contains much fibrin, a high percentage of protein, 
and a preiKinderance of hmphocj-tes as against polymorph^. 
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vrhcn compared with the high polymorph content of the pneumo- 
coccal and tho rarer streptococcal effusions. It is usually clear, 
and has an opalescence duo to suspended fine particles of fibrin, 
easily seen in fluid examined in situ through ft thoracoscope, and 
quickly forming the typical clot in samples withdrawn for visual 
and laboratory examination. It is not cloudy like the pneumonic 
exudate with its polymorphs tending to form pus. In the fibrinous 
content lies the dangerous liability to the formation of tWek 
coverings on the visceral and x'arietal layers, when the fluid is 
left to organise in the pleural cavity. Tubercle bacilli seldom 
appear in smears and may fail to appear in culture if the sample 
is e.vamincd un{lcr four daj’s from tho onset of the effusion ; 
invasion has not yet followed irritation and consequent inflamma- 
tory exudation, railiwc to realise and act on this simple fact of 
pathogenesis may have serious consequences for the patient, by 
inefficient treatment founded on faith in one laboratory examina- 
tion report which has been made too soon, and without cUiucal 
notes to tho pathologist. 

To physical examination there will bo dullness begiiming in 
tho lower axilla and extending upwards nith the increase in 
effusion. While there will be silence in the area displacing the 
lung, there will naturally bo increased breath sounds over that 
part of the lung, on tho limits of tho fluid, which are by it pressed 
inwards and upwards ; the collapsed lung acts as a sounding 
board. Tiro outstanding point is, however, the displacement of 
the mediastinum to the opposite side, demonstrated in a positive 
sterno-mastoid on that side, and usually supported by evident 
displacement of the apex beat to palpation and auscultation. 

We may remind ourselves how tho lung reacts to the presence 
of fluid in the plemal cavity. When the negative intra-plcural 
pressure is brought nearer to that of the atmosphere there will be 
less outward pull on the underlying lung. Its elasticity will come 
into play, therefore, and draw it inwards to the anchorage of all 
clastic tissuo at the bilum. From the first the reduction of the 
pleural pressure on the affected side will make that on the opposite 
side greater in comparison, and so the mediastinum Avill be first 
of all drawTx to this opposite side. With more fluid the pressure 
in the pleural cavity will be greater than that of the atmosphere, 
and 60 begin to bear in on the parenebjuna ; that is, it is greater 
than the pressure of the residual air in the lobules. But we can 
see that there does not need to he any actual push from the 
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aSected side in order to give a positive stemo-mastoid on the 
other. 

After this point the reaction of the lung and the mcdiastiiiuin 
depends on rrhether thej’ are healthy or already diseasetl. A lung 
with preceding fibrosis wDl naturallj' resist collapse, and will 
more bodily against the mediastinum, while a fixed mediastinum, 
e.g., one that has been aSected by previous pleurisy, ^rill resist 
displacement. What this means is that we must consider all 
these separate factors, and not conclude that the amount of 
mediastinal displacement is in anythmg like exact ratio to the 
amoimt of fluid .or the actual ch.ange in pressure in the intra- 
pleural space. 

While it must be stressed that no pleural effusion lias been fully 
investigated unless exploratory ptmcture for visual and laboratory 
diagnosis, and blood film examination, have been carried out, it is 
none the less true that a tuberculous exudate has a characteristic 
film finding (see Figs. 92 and 93). In its early da^-s it 
has a specific fine loss of trans- 
lucency through which the ribs 
can be seen almost as clearly 
as they would be with the 
presence of a pneumothorax. 

Towards the mid zone from 
above downwards there is a 
comparative density concave 
inwards, running from the axilla 
to the diaphragm, but this is 
not in the uncomph’cated case a 
clear, single line of demarcation. 

It is made by the combined 
shadow of fluid and lung, the 
former lying to some depth Literally both in front and bcliind the 
latter. If there is no underlying lung tlisease we ought to be 
able to see exaggeration of the normal vessel marldngs to the 
inner side of this junction, owing to the hyperremia in the lung 
contracted towards the hilum. If these markings cannot he seen 
we must suspect consohdation from, for example, pneumonia (see 
Fig. 9i). 

The picture is therefore not like that of uncomplicated lobar 
pneumonia of the lower loins, with its density' at the base, decreas- 
ing from the diapliragm upivards towanls the lingid-i, and equal 



Fio. OJ. Tuberculoua pleiiral cffiulon. 



Fig. 513. Tubciculous pleural effusion. 
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at any oiio level between the 
axilla and the mediastinum. 

In pleurisy there is increasing 
ln<5s of Iranslnccncy from the 
axilla iivwards to the junction of 
fluid and lung. Sforcover, 
it will bo differentiated also 
b}- the position of the heart 
and the me<Uastinum, for we 
saw in our study of the 
pneumomaa that they do not 
cause tUspkeement. 

If liiiid has been present for 
some time before the film has 
been tahen, the concave density 
may have assumed a sharp out- 
line. This is because organisa- 
tion of the fibrinous exudate on 
the visceral pleura has already 
thereby in danger of incomplete re-expansion of the hmg, oven 
with immediate and complete anthdrawal of fluid. Should the 
effusion bo of still longer standing, organisation of the fibrin 
ilocculcs gives a dense white shadow occjjpying the area between 
tlie flxUhv and the now sharply defined bottler of the lung, fixed 
and compressed. 

The shadow is not notv nnj'wi.'ic different from that of true 
empyema, although the latter in its ncxite stage will cause 
displacement to the opposite side. This ivill be a definite aid in 
visual diagnosis, but it must call for the accessory aids of blood 
and exploratory-puncture examination. The usual cause in 
general practice cases is the pneumococcus, for tnie tuberculous 
empyema is a rarity, and seldom met with except ns .a 
compUcation of a previous clear effusion, especially if such 
effusion lias occurred ns a hydro-pneumothorax. 

The average case of such idiop.athic pleurisy as just described 
clears completelj’ with no remaining evidence in pleura or hmg. 
If we see on the film some filling of the costo-phrenic angle and 
no lung focus is evident on a postero-anterior film, we ought to 
take lateral and lordotic films, and even tomograplis, if we wish to 
be as certain as is humanly possible of our toal opinion. Often 
the small tubcrcrtlous deposit is in the periphery in the upper 



FlC. 04. PncujTioma right lower lobe. 
With fiutil. Xoto lo-*s of vsscuUr 
markingii, R.4 in uncomplirAtot! 
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tn«lio.<ttnum duo to complicating 
ctTusion. 

taken place, and the patient ia 
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mid zone, or in the snpra-clavicnlar apex iix)m involrement of 
the posterior apical hronchns. 

Interlobar effusions apart liom that in the lesser fissure on 
the right side are seldom evident or demonstrated to their true 
extent in the postero-anterior film, A lateral shoTTS them clcarlj-, 
forcing apart the interlobar septum, and usnallj* bow-shaped, 
because they are pressing on the parenchvma of both lobes (see 
Fig. C6, p. 89). Fluid in the main figure can give on the postero- 
anterior fi l m a shadow very like that of true diaphragmatic 
effusion or empyema secondaiy to abdominal disease, e.g., sub- 
phrenic abscess. Both sit over the diaphragm and are inclined to 
follow its outUne. The physical signs, however, will help us to 
differentiate, because while the latter gives us dullness both 
anteriorly and posteriorly, the dullness due to interlobar effusion 
ts especially marked in front. A lordotic picture aids us too, for 
the true interlobar effusion rises through the middle of the long 
field like a drawn-out tent sitting on the diaphragm. 

The usual dry diaphragmatic pleuri^ shows no evidence to 
film examination to account for the acute shoulder and upper 
arm jiain that accompanies it. 


Pneumothorax 

From what has been said of the effects of pleural effusion on 
lung elasticity and mediastinal shift, we can visualise the changes 
in pneumothorax without further detailing them. The effect on 
the film finfiin^ of the underlying lung is the same, and the 
diagnosis must rest on the alterations noted both within and with- 
out the lung field. As against pleural effusion we now have 
complete absence of shadow between the rib interspaces outside 
the line of the retracted lung ; no loss of translacenc}' and no 
lung markings are evident (see Fig. 11, p. 6). 

^ the “simple” or ncm-taberculous case it is extremely 
rare for fluid to appear in the pleural space, and it may be 
possible to see on the edge of the collapsed lung omphysemafous 
bulke, one of which has burst to produce the pneumothorax. In 
the case where pneumothorax complicates an already demon- 
strable or undemonstrablo lung tuberculosis, fluid i.s exceetlingly 
common, and is alwaj's in its upper limit along a horizontal lino 
in the erect position. 
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Tjmpany occurs in, both conditions, and shifting dullness in 
the lower axilla accompanies it in cases of hydro-pneumothorax. 
Adhesions to the parietal pleura can produce the so-called 
*' bell-sound " when they aro under tension, whether the 
pneumothorax be spontaneous or induced. 



CHAPTER TTY 
CARCINOMA AND SILICOSIS 
Carcinoma of the Lung 

CAPvCiKOiiA of the lung is common as compared -with sarcoma, 
and although it is more usually a secondary than a primarj* 
occurrence, it is the primary form, probably aliraj-s bronchial 
in origin, to rchich rre shall make short reference here. We need 
not consider the types of causative cell found, but note only that 
they usually start rrith a mere interference with the bronchial 
mucosa. Later the long lobules are slowly replaced by tumour 
spaces containing a mucinous exudate, or are irritated and 
thickened in their individual alveolar walls by the actual tumour 
cells. 

Under the heading of atelectasis we have already made a 
detailed study of the effects of carcinoma of the bronchus on 
the affected lobe and on the postero-anterior £lm. A short 
note is necessary on the so-called nodular form because of the 
difficulties in differential diagnosis. For details the student must 
consult specialist treatises : all that is attempted here is to give 
some broad outlines for guidance. On the whole, clinical history 
and investigations alone can give the answer in a large majority 
of cases ; X-ray is but an accessory aid. 

Three main forms of nodular carcinoma may be mentioned : 
the medmstinal, the medial and the basal. 

The mediastinal or hilar form originates near the tlividon of 
the trachea into its main right and left branches. The gronih 
invades the glands and all the mediastinal tissues to produce on 
the film a large, rounded, extremely opaque and homogeneous 
shadow. 

It may therefore simulate the true glandular diseases : h-m- 
phadenoma, lympho-sarcoma and leukemia. Of these the 
commonest by far i« the first, which shows mediastinal glandular 
enlargement in about one-thinl of its cases (sec Figs. !'•'» 
and 00 ). It may l)e noted first on the film on the right side, as if 
it were a swelling conncctetl with the superior vena cava, but it is 
nearly alwavs bilateral from ita first recognition. Two points may 





Ffo. 97. Neurofibroma. 
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aid ; first, it is genera% lighter than cancer in its lo':'? of trans- 
hiccncy ; second, it is usually an upxwr mediastinal disease, and so 
definitely higher on the film than “ metliastinal ” cancer. Only later 
does it get ragged in its outline, as the “ chronic ” type begins to 
invade the parenchi'raa along the bronchi. At this stage it may be 
impossible by X-rays to differentiate chronic Ijouphadenoma and 
hilar carcinoma. Blood examination, search for other glandular 
involvement, and biopsy, may be necessary for ultimate diagnosis. 

The same criteria must apply in diagnosis against l^mipho- 
sarcoma and lenkfemia. The response to radium and deep 
X-ray tlierapy on serial films is not a safe guide ; all that can be 
said with certainty is that carcinoma is more resistant than the 
others to such test treatment. 

Hiese conditions arc luilifcely to be confused with the X-ray 
findings in mediastinal dermoid cyst and neuro-fibroma. The 
former is usually a clearly outlined rounded or oval shadow ; 
most cases show by lateral film that the growth lies in the anterior 
mediastinum. Keuro-fibromo, which is the commonest benign 
tumour of the chest, lies in the upper posterior mediastinum 
(see F%. 97). It too is usually well-defined and rounded in 
appearance. It arises from one of the intercostal nen-es and 
throws a shadow only slightly more dense, on the average, than 
that given by the superior vena cava. 

Only immunological and precipitin tests, including the 
Casoni test, may help towards final opinion as between neuro- 
fibroma, hydatid and dermoid cyst (see Fig. 98). Again, it may 
need thoracotomy to decide between neuro-fibroma and that 
type of nodular carcinoma which starts in one of the smaller 
bronchi and invades the parenchyma through the bronchial wall. 
Tins latter condition produces on the fihu an individual rounded 
opaque shadow, which it may be impossible to name even after 
full radiological examination. 

Tl\c medial form is due to carcinoma of a main bronchus close to 
its origin. The shadow usually looks as if it were part of tlie main 
cardiac shadow, resting like a hmup on the ventricular bonier. 
The outline may be sharp or quite ragged ; it changes but 
little over a period of time to serial film examinations (see 
Fig. !)9). 

The basal form has an ill-defined lung shadou', attached to the 
liilum by many irregular streaks. It is usually of changing 
densities, as it has within it areas of obstruction of bronchioles, 
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and it is not uncommon to find it later go on to the usual picture 
of lo^Te^ lobe complete atelectasis. 

SnicosU (see Fig. 100) 

There has been much recent interest in this disease as it is 
one of the commonest indnstrial affections of the lung. It is an 
example of the progress along the lymphatics of dust inhaled 
directly into the alveoli. In the alveoli it produces catarrhal 
cells vhieh are phagocytic to it; these pass to the hunphatics 
of the lobules. Some stick there, but many are drained to the 
lymphatics of the lungs, there to be held in tiny clumps vhich 
grow by steady addition to them, and by the cellular reaction 
they produce. Fibrosis is the result, so that we can see on the 
film many scattered hard-looking nodules. 

The stages to such nodulation can be followed on the film. 
Firet the irritation of the peribronchial andperivascularl^-mphatics 
gives us increased reticulation. Next, with blockage in lymph 
spaces towards the hilom, and at bronchial bifizrcations, we can 
see tiny nodules appearing, clear cut by their rturounding com- 
plementary emphysematous lobules. Still later we find these 
nodules fiising into fairly large areas of consolidation, mainly 
round those same dorsal branches of the bronchi which wo Iiave 
seen affected in lung abscess and fibro-caseous tuberculosis of 
adult type. With these vre find a characteristic fibrosis round 
the hilar shadows and extensive, gross emphjsema throughout 
the lung fields. 





INDEX 


Acinus, 10 
Alveoli, 10 el seq. 
Assmann's foeua, 01, IO7 
Asthma, U, 67 
Atelectasis, 8-t et eeq 
Auscultation, 44 et seg. 
Azygos \ein lobe, 3 j 


Blood supply, 3, 
breathing, 44 

Bronchiectasis, et *«g , -jjj, d- 
Bronchiolectasis, 71 
Bronchiolitis obliterans, 
Bronchlolusrespiratorius, i(» 
Bronchitis, 02 et eeg 
Bronchopneumonia, 80 ei ten. 
Bullae, 5t). II8 


Caicinoma, 80, 120 

Cardiac t-haclou, 3i 

Cavity formation, 20, llo et tcq. 

Clubbing of lingers, 3S 

Crepliations, 40 

C}-sts, 0, 30 

Diaphragm, 34, 4J 

Elastic ti'nic, 1! 

Emphysema, 05 e< «<j 
Fpituberculosis, lOi 

Fibrosis, pliyxical sigiH, go, <>4 
la'ltological «ppi.arau(,,4,,, 55, 04 


Chon'S focus, lot 
Hilar aliaelonv, 34 

Interlobar efTuMion. 88, IIS 
fissure*, 18, 36 

Lung abscess, 54 et »tj 
Lymphatic supply. 14 

Mcdtaslinuis, I, 22 et teq. 

Palpation, 40 
Percussion. 42 

Physical exftmuistion, 38 el »eq. 
Pleura, 17 
Pleurisy. 113 
Pneumonia, 73 
“Pneumonitis,'’ 50. lo.? 
Pneumothorax, 0, SS, Ils 

Rales, 40 

Range's complex, 101 
Rhoochi. 4s 
Ring sheilouii, 30 

Silicosis, 122 

Sterno-tnastold sign, 1, 40 
ToI*ercolo$Ls, O'l ft *ey 
X»ray Biro, rending of abnoiinal 
e< *ej. 

n*a»ling of normal, 2^ et »f?. 
Zones oC lung fieUU. 3.’ 



